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SOLUBLE phenytoin (epanutin) has been extensively 
used in the treatment of epilepsy for about seven 
years and nearly all observers have testified to its 
efficiency and to the excellent results obtained in 
many cases. Most of its limitations and the pre- 
cautions to be observed in its use have probably also 
been discovered. Conflicting reports of its useful- 
ness compared with other drugs have, however, 
appeared in the medical literature since, following 
the original work of Putman and Merritt (1938), the 
American Council on Pharmacy and Chemistry in 
1939 voted that dilantin sodium be accepted for 
inclusion in the N.N.R. 

Critchley (1939) regarded soluble phenytoin as 
showing no promise of surpassing or even equalling 
phenobarbitone. Putnam and Merritt (1939) con- 
cluded that it was the most effective drug that they 
had used, and they advised its use for patients who 
are not free from symptoms with other forms of 
treatment. Williams (1939) obtained the best 
results using it alone in 52 cases, combined with 
phenobarbitone in 9 cases, with bromides in 16 
cases, and with phenobarbitone and bromides in 6 
cases. Doltolo and Bennett (1940) concluded that 
for severely deteriorated institutional patients, the 
drug should be combined with phenobarbitone, 
while Blair (1940) doubted the general usefulness of 
the drug as compared with phenobarbitone. 
Robinson and Osgood (1942) found that in 56 
patients who failed to benefit greatly from increased 
doses of phenobarbitone, 21 per cent had great, and 
30 per cent. had moderate improvement from 
soluble phenytoin. In some patients, a combina- 
tion of phenobarbitone and soluble phenytoin was 
better than either alone. Dickerson (1942) treated 
211 patients with soluble phenytoin and considered 
that 47 per cent. were more than 75 per cent. 
benefited, 12 per cent. had from 50 to 74 per cent. 
benefit, 14 per cent. from 25 to 49 per cent. benefit, 6 
per cent. from 1 to 24 per cent. benefit; 14 per cent. 
were not improved, and 7 per cent. were worse. 
The drug was not effective alone in 34 cases, and was 
- Supplemented with phenobarbitone. Robinson 
(1942) treated 221 patients and obtained marked 
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reductions in the number of seizures in the following 
proportion of patients:—15 per cent. taking pheno- 
barbitone, 39 per cent. taking soluble phenytoin, and 
29 per cent. taking a combination of the two. 

Merritt and Brenner (1942) treated 100 patients 
who had not responded satisfactorily to pheno- 
barbitone or to soluble phenytoin used alone, and 
found that 34 per cent. improved on giving both 
drugs together. Tullidge and Fox (1942) came to 
the conclusion that soluble phenytoin should never 
be prescribed unless phenobarbitone and the 
bromides have first been given a thorough trial, and 
that every patient taking soluble phenytoin required 
close and continuous supervision. 


Material 


The authors own impression in 1945 supported 
the caution expressed by Critchley, Blair, and 
Tullidge and Fox, rather than the views of other 
workers. In order to confirm or modify that im- 
pression an examination was recently undertaken 
of the records of 713 cases of non-psychotic idio- 
pathic epilepsy treated as in-patients in St. David’s 
Hospital (an epileptic colony) during the five years, 
1940 to 1944 inclusive. 

The patients, all males, varied in age from fifteen 
to eighty-five years, and the drugs most commonly 
used were the bromides, phenobarbitone, epanutin 
(soluble phenytoin), rutonal (phenyl-methyl 
malonylurea), belladonna, chloral hydrate, and 
pilocarpine nitrate. In some cases one of these 
drugs alone was found to produce the optimum 
effect in a patient, but more frequently a combina- 
tion of drugs was required, and altogether twenty- 
two different combinations were tried. 

Of the 713 case-records, 323 were set aside 
because they referred to patients who had been in 
residence for less than six months; most observers 
would agree that in many cases a longer time is 
needed to discover the most satisfactory treatment. 
All of the remaining 390 cases had been in-patients 
for periods varying from six months to five years 
and of these 15 required no drug treatment. The 
remaining 375 form the subject of this investigation. 
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Method 


In order to avoid a mass of details, it may be 
sufficient to say that the criterion of treatment was 
an assessment of what drug, or drugs, appeared in 
each case to reduce the number of fits most success- 
fully without obvious toxic reactions. The average 
dosage of phenobarbitone was four and a half 
grains daily, and of soluble phenytoin, four and a 
half grains daily. 

Most patients on admission to St. David’s Hospi- 
tal had been taking either bromides or phenobarbi- 
tone, or both. After a short period of observation, 
if the patient had several fits, the dosage of pheno- 
barbitone was increased up to six and even up to 
nine grains daily. When this appeared to produce 
no reduction of fits or made the patient drowsy, one 
capsule (grs. 14) of soluble phenytoin was added 
twice daily, and cautiously increased to three, four, 
five, or even six capsules daily. This dosage was 
again regulated according to the reduction of fits or 
the production of toxic symptoms. In practice it 
was found that very few patients could take more 
than three capsules (grs. 43) daily without toxic 
reaction sooner or later. Blair (1940) came to the 
same conclusion. Where complete or almost com- 
plete relief was obtained, the dose of epanutin was 
reduced until what was considered the optimum 
dose for that particular patient had been reached. 
Thereafter, if the patient’s condition continued to 
be satisfactory, other drugs, such as bromide or 
phenobarbitone which he might be taking, were 
gradually withdrawn. 

Again, in cases where soluble phenytoin appeared 
to produce no effective improvement other drugs 
were added, and soluble phenytoin in its turn was 
slowly withdrawn. The choice of drug in such 
cases was largely one of trial and error but certain 
principles derived from previous experience were 
followed. For example, many writers have found 
that a combination of drugs in relatively large doses 
proves beneficial in severe cases. 

(1) Fifteen of the very worst cases, some of whom 
had several hundred fits in a year, were very much 
helped by the old but useful mixture referred to in 
Table 1 as Mist. 2 B.C., viz:— 

Sod. brom. 


.. grs. x 
Chlor. hydrat. . grs.v 
Tr. bellad. .. .. Mm. Xv 
Aq. ad. . Bjs 


Despite the high dosage of belladonna, no instance 
of poisoning occurred. In a separate investigation 
into the effects of this mixture, undertaken several 
years ago, in a series of 47 cases, it was discovered 
that the addition of 74 grains of sodium biborate 
appeared to confer further benefit in only three 
cases. This tends to confirm the findings of 
numerous writers that either alone or in combination 
with other drugs, sodium biborate need have no 
great claim on our attention in the treatment of 
epilepsy. 

(2) The patients deriving benefit from rutonal had 
previously been taking phenobarbitone, but were 
given a change because of complaints of drowsiness 
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and lethargy. In almost all such cases, 3 grains of 
rutonal were found to be less soporific than |) 
grains of phenobarbitone, and slightly more nt. 
convulsant. 

(3) A change of drug, or an increased dose of the 
same drug, may confer benefit for an indetinite 
time, but in about 8 per cent. of cases, particularl 
in younger adults, adjustment of the dosage wa; 
found to be necessary at least once a year. 

(4) In some cases, complete remission of fits doe; 
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not prove to be an unqualified blessing, and perhap 


should not be aimed at, whatever drug is being 
Disorders of conduct and occasionally q 


taken. 
frightening excursion into status epilepticus may 
follow absence of fits. 


Results 


The following table shows the number and per- 
centage of cases treated with a single drug, or with 
the combination of drugs which appeared most 
efficacious. In each case the drug or combination 
finally chosen, appeared to be the most suitable for 
that particular individual. In some cases as many 
as seven combinations of drugs were tried. In all 
cases the particular drug or combination referred to 
had been taken for at least six months, and, in many 
cases for as long as five years. In compiling the 
table cognisance was taken not only of the reduction 
in the number and severity of the patient’s fits but 
also of the patient’s behaviour and his general 
health. Practically all cases showing great improve- 
ment in the decrease of grand mal also had rather 
fewer observed attacks of petit mal, but several of 
the men stated that they experienced more “* sensa- 
tions.” In addition, all those who improved on 
soluble phenytoin, alone or in combination with 
other drugs, appeared to improve psychologically, 
being brighter and more intelligent, and less intro- 
spective, hypochondriacal, and irritable. 











TABLE I 
Drug Number | Percentage 
of cases | of cases 
Phenobarbitone, alone .. Jee 141 37-60 
Phenobarbitone and __ soluble 
phenytoin - - 46 12:26 
Phenobarbitone and sodium 
bromide 43 11-46 
Various other combinations of 
drugs (15 in all) 42 11-20 
Phenobarbitone, sodium bromide, 
and pilocarpine nitrate ce 16 4-26 
Phenobarbitone and ‘* Mist. 2 
|" Seidel) 15 4-00 
Soluble phenytoin and sodium 
bromide 14 3-73 
No pre-eminently satisfactory 
combination of wiied dis- 
covered. . AS 3-46 
Sodium bromide, ‘alone . 2:93 
Rutonal, alone .. a 1] 2-93 
Soluble phenytoin, alone’ ' 0 2-60 
Rutonal and sodium bromide .. y 2-40 
Soluble phenytoin and rutonal. . 4 1-06 
TOTAL 375 100-09 
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Two outstanding facts revealed by this table are 
(1) that phenobarbitone, used alone, had been found 
to be more generally useful than any other drug or 
combination of drugs, and (2) that soluble phenytoin 
had been regarded as sufficient by itself in only ten 
cases 

Table Il, however, puts a different complexion on 
the relative usefulness of the four principal drugs, 
showing the number and percentage of cases in 
which each was used :-— 


QS oft 
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TABLE Il 
Number | Percentage 
Drug of of 
cases 375 cases 
Phenobarbitone, used alone or 
Der. in combination with other 
vith drugs .. ai n% oe 278 74:1 
0 Sodium bromide, used alone or 
ie in. combination with other 
lon ® §= drugs ~ ca ec 150 40 
for Soluble phenytoin, used alone or 
ny— in combination with other 
all drugs .. an ys a 85 22-6 
Rutonal, used alone or in com- 
to bination with other drugs... 36 9-6 
ny 
he 
n & As will be seen, phenobarbitone again leads the 
at ' field, nearly three-fourths of the patients having 
il BF benefited most from that drug taken alone or in 
és combination with other drugs. 
2 It is disappointing to find that soluble phenytoin, 


despite its universally admitted value as an anti- 
convulsant, takes such a relatively low place in the 
list, and that in fewer than one-fourth of the patients 
did it appear to be an appropriate drug. Various 
factors account for this. Nearly fifty per cent. of 
the patients had been given soluble phenytoin at 
one time or another during the five years under 
review. In nearly half of these cases the drug was 
withdrawn, the efficient anti-convulsant dose having 
been found to produce toxic symptoms or signs at 
intervals varying from a week to fourteen months, 
or because even in non-toxic cases other drugs were 
proved to be more effective in reducing the number 
of fits. 

An explanation of these relatively disappointing 
results may be ascribed to excessive caution in using 
this drug. No patient was allowed to suffer for 
more than a short time from what appeared to be 
early toxic symptoms or signs. Thus, if a patient 
were observed to be slightly tremulous or if he com- 
plained of slight nausea or giddiness or persistent 
anorexia, or if hypertrophic gingivitis caused any 
discomfort, the dosage of soluble phenytoin was 
immediately reduced, and where this did not amelio- 
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rate the symptoms or signs the drug was completely 
withdrawn. Other observers who have obtained 
better results have in most instances been dealing 
with cases of psychotic epileptics, and such patients 
are on the whole less articulate about their symptoms. 

Toxic symptoms and signs may develop, without 
increase in dosage, after a few days, a few months, or, 
for all one knows, after a few years. This fact 
suggests that even greater caution should be used in 
prescribing soluble phenytoin when strict supervision 
is not possible. Undoubtedly the drug is more 
suitable for epileptics under institutional care than 
for those living at home. 

One final point should be mentioned about the 
figures in the tables for the large number of patients 
shown as deriving benefit from phenobarbitone may 
give a misleading impression. Many patients had 
been taking it with good effect for years before the 
advent of soluble phenytoin, and there appeared to 
be no good reason for altering the treatment. In _ 
several of these cases, fits might have been equally 
well controlled by soluble phenytoin. The same 
applies to those taking bromides. An analysis of 
treatment five years hence might therefore yield a 
different picture, showing a smaller percentage of 
patients taking phenobarbitone or bromides. 


Summary 


Drug treatment in 375 cases of non-psychotic 
idiopathic epilepsy is analysed. 

Phenobarbitone, used alone or in combination 
with other drugs, was found in both instances to be 
by far the most generally useful anti-convulsant 
(74-1 per cent. of cases). 

Soluble phenytoin (epanutin), used alone or in 
combination with other drugs, was shown to be 
suitable in only 22-6 per cent. of the cases. 

Several other practical points emerging from the 
investigation are discussed. 


REFERENCES 


Blair, D. (1940). J. ment. Sci., 86, 888. 

Council on Pharmacy and Chemistry (1939). 
med. Assoc., 113, 1734. 

Critchley, M. (1939). Practitioner, 143, 491. 

Dickerson, W. W. (1942). Amer. J. Psychiat., 98, 515. 

Doltolo, J. J., and Bennett, C. L. (1940). Psychiat. 
Quart., 14, 595. 

Merritt, H. H., and Brenner, C. (1942). 


J. Amer 


J. Nery. ment. 


Dis., 96, 245. 

—— and Putnam, T. J. (1938). J. Amer. med. Assoc., 
111, 1068. 

—— —— —— (1939). Arch. Neurol. Psychiat., Chicago. 
42, 1053. 


Robinson, L. J. (1942). Amer. J. Psychiat., 99, 231. 

—— and Osgood, R. (1940). J. Amer. med. Assoc., 114, 
1334. 

Tullidge, G: M., and Fox, J. T. (1942). 

Williams, D. (1939). Jbid., 2, 678. 


Lancet, 2, 6. 











THALAMIC DEGENERATION FOLLOWING BILATERAL PREMOTOR 
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(From the Burden Mental Research Department, Stoke Park Colony, Bristol) 


(RECEIVED 20TH OCTOBER, 


THE case described in this paper confirms and 
amplifies an observation made by Stern (1942) 
concerning thalamo-frontal projection in man. 
. Stern ‘described a traumatic lesion involving the 
prefrontal and premotor areas of the cerebral cortex 
associated with severe retrograde degeneration of 
the dorso-medial and, unexpectedly, of the medial 
third of the anterior part of the ventro-lateral 
thalamic nuclei. The novelty of the latter finding 
lay in the apparently greatly increased premotor 
projection field of this nucleus in man as compared 
with other primates, since it is known that in 
monkeys the anterior part of the ventro-lateral 
nucleus projects mainly upon the percentral gyrus 
(Walker, 1938a). Human material suitable for 
anatomical analysis of this sort is rare and since the 
present case has additional features of pathological 
interest it seems to be worthy of record. 


Case Report 


J. C., a female, was admitted to Stoke Park Colony 
for mental defectives when 8 years 6 months old and 
died aged 18 years and 8 months. 

History prior to Admission.—Birth was normal and 
no anxiety as to the infant’s progress was experienced 
by the parents until the age of 13 months when she had 
an illness characterized by constipation, vomiting, and 
later by coma lasting 3 days. After this the patient lost 
the power of walking, and severe mental defect developed. 
Nevertheless, she soon learned to walk again. At the 
age of 5 years she began to suffer from epilepsy and was 
reported to be sleeping badly at night and to be very 
difficult to manage. An epileptic attack which was 
witnessed consisted in a sudden blankness with twitching 
of the arms and legs only. When 6 years old she was 
admitted to the National Hospital, Queen Square, under 
the care of Dr. Hinds Howell. The records of the 
hospital provide the following notes as to her condition 
at this time: ‘‘ On examination there was gross mental 
deficiency. She kept uttering weird shrieks and was 
unable to speak or recognize anything. Examination 
was necessarily difficult, but what could be carried out 
showed no gross abnormality of the nervous system. 
During her stay in the hospital she was quite uncon- 
trollable ”’. 

Examination after Admission.—The weight and stature 
were normal for her age of 84 years. Using Smedley’s 
dynamometer she recorded normal right and left grips 
of 12 and 10 kilograms respectively. Her mental age 
was only 2 years and 5 months as estimated by the 
Merrill-Palmer scale of tests. She was able to cut paper 
with scissors, put 16 cubes into a box, and fit the square 
Wallin pegs into their board within the time intervals 





52 


1945) 


appropriate to normal three-year-olds. She was able to 
walk and to stand on one leg without overbalancing, 
There was no spontaneous speech but she could repeat 
a few simple words. No gross abnormality was found 
in examination of the nervous system. Both plantar 
reflexes were flexor but the knee jerks were abnormally 
brisk. The left optic disc was pale with small arteries, 
The blood Wassermann reaction was negative. The 
patient suffered from frequent epileptic fits which were 
not fully controlled by gardenal gr.i.b.d. She was 
occasionally noisy but during her stay in the Colony her 
behaviour did not differ markedly from that of other 
epileptics of low mental calibre. Death occurred in her 
nineteenth year from pulmonary tuberculosis. 


pd 


oo 














Fic. 1.—Four representative coronal sections of the 
right thalamus, showing the extent of retrograde de- 
generation in the dorso-medial and ventrolateral nuclei. 

Abbreviations: AV, nucleus antero-ventralis; CM, 
corpus mammillare; GP, globus pallidus; LD, nucleus 
lateralis dorsalis; MD, nucleus medialis dorsalis; 
NC, nucleus candatus: NR, nucleus ruber; OT, tractus 


opticus; S, corpus ‘subthalamicum: SN, substantia 
nigra. 
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Fic. 2.—Right cerebral hemisphere, showing atrophy of the front lobe anterior to the precentral gyrus. 

Fic. 3.—Right cerebral hemisphere, medial surface, showing preservation of part of the superior frontal and 
cingulate gyri. 

Fic. 4.—A representative section from the atrophied frontal cortex, showing the thickened leptomeninges, gliosis 
and cavitation of the brain substance. Mallory’s phosphotungstic acid hematoxylin. x 48. 

Fic. 5.—A coronal section through the atrophied right frontal lobe, showing multiple cavitation and relative 
preservation of the superior frontal gyrus and gyrus rectus. % 1:5. 

Fic. 6.—The same cortical area as in Fig. 4. Note: the thickening and crowding together of the blood vessels. 
Gomer reticulin stain. x 48. 
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Pathological Examination of the Central Nervous 
System 

Macroscopic Examination.—The brain was small 
and, after fixation, weighed only 765 gm., of which 
cerebellum and brain-stem accounted for 122 gm. 

The frontal lobes, exclusive of the precentral and 
small portions of the superior frontal gyri appeared 
to be symmetrically atrophied, the convolutions 
being flattened, unduly firm to the touch, and 
covered by thickened and opaque leptomeninges. 
This reduction in volume was remarkable, the 
frontal lobes scarcely projecting beyond the level of 
the temporal poles (Figs. 2 and 3). The lengths of 
the right and left central sulci as measured by a 
thread were respectively 9-1 and 9-8 cm. Both 
precentral gyri appeared intact. On the left side 
about 2 cm. and on the right side about 5 cm. of 
the posterior part of the superior frontal gyrus were 
preserved in the form of triangular wedges of 
cortex, the apices of which pointed forward. On 
the medial surfaces of the hemispheres the cingulate 
gyri were preserved as far anteriorly as the genu of 
the corpus callosum, which itself showed shrinkage 
and rarefaction at this point. On the inferior 
surface of the frontal lobes only the crowns and 
medial walls of the gyri recti appeared intact. 

On section, the shrunken part of the brain showed 
a sponge-like appearance of multiple small cavities, 
all distinction between grey and white matter being 
lost (Fig. 5). The lateral wall of the right superior 
frontal gyrus was seen to be eroded by the destruc- 
tive process. The parietal, temporal, and occipital 
lobes appeared normal. 

Microscopic Examination—The leptomeninges 
covering the shrunken gyri showed marked fibrosis 
and were adherent to the subjacent cortex. The 
atrophied part of the frontal lobe presented a 
remarkably uniform appearance, being devoid of 
myelin and composed of a coarse network of piloid 
neuroglia (Fig. 4). Owing to the shrinkage of the 
tissue, the blood vessels appeared to be more 
numerous than usual and their adventitial coats 
were seen to be somewhat thickened (Fig. 6). 
Beneath a superficial rind of cortex, itself the seat 
of intense gliosis, multiple cavities and rarefactions 
extended throughout the whole depth of the frontal 
lobe. Normal nerve cells were absent but large 
aggregations of “ calcified” cells and débris were 
commonly encountered. 

The Extent of the Intact Frontal Cortex.—Six 
blocks of tissue were examined from each precentral 
gyrus. On the right side the nerve cell and myelin 
preparations were normal except in the inferior 
centimetre of the gyrus where the anterior wall of 
grey matter was atrophied, the crown, posterior 
wall and most of the central core being intact. On 
the left side the lowest 3 cm. of the precentral gyrus 
were completely atrophied and undercut by the 
pathological process. 

As regards the superior frontal gyrus of the right 
hemisphere, the microscopically preserved part 
included about 3 cm. of agranular cortex, the fifth 
layer of which contained scattered Betz cells. 
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The Thalami.—Coronal sections stained to deinon. 
strate nerve cells and myelin were prepared from 
ten different levels of each thalamus. The exten; 
of retrograde degeneration in the right thalamy 
was also followed in incomplete serial sections 
stained both by toluidine blue and by Anderson’; 
modification of the Kultschitsky-Pal method, 
sections being taken at 100, intervals. No signifi. 
cant difference was found between the two sides 
and since the right precentral gyrus had been shown 
to be virtually intact the condition of the right 
thalamus was studied in greater detail and is illus. 
trated in the accompanying drawings (Fig. 1) and 
photographs (Figs. 7-13). The dorso-medial nucleus 
showed complete degeneration. On the other hand, 
the nuclei of the midline, the parataenial and para- 
ventricular cell groups and also the cell groups 
occupying the position of the internal medullary 
lamella were fully preserved and, indeed, owing to 
the small size of the thalamus as a whole, appeared 
relatively prominent. In sections taken from the 
most rostral part of the thalamus the anterior 
ventral nucleus, recognized by the coarse clumping 
of the nerve cells, appeared to be intact. In the 
ventro-lateral nucleus, nerve cells were either absent 
or grossly reduced in number in a medial strip 
which occupied about one-third of the transverse 
width of the nucleus and extended from the anterior 
limit of the ventro-lateral cell group to a plane 
passing through the level of the rostral extremity 
of the red nucleus. Another small area of degenera- 
tion was seen to occupy the position of the antero- 
medial nucleus of lower animals, that is to say, it 
lay on the ventral aspect of the main antero-ventral 
nucleus medial to the entrance of the bundle of 
Vicq d’Azyr. The areas of degeneration showed 
marked gliosis and often contained ‘“ calcified ” 
nerve cells. In sections stained for myelin a con- 
spicuous pallor was noted in these areas, especially 
in the affected position of the ventro-lateral nucleus, 
owing to the absence of the numerous closely packed 
bundles of fibres which are normally present. 

Other parts of the Brain.—No pathological changes 
were encountered in representative blocks of tissue 
taken from parietal, occipital, and temporal lobes 
(including hippocampus) of both hemispheres. The 
putamen, globus pallidus and subthalamus were 
also intact on both sides, as were pons and medulla. 
The medullary pyramids (Fig. 14), though rather 
small, were fully myelinated and showed no 
abnormal gliosis. 

The olfactory tracts showed a mild central gliosis 
but their myelinated fibres were preserved. The 
anterior cerebral vessels also appeared normal. 


Comment 


The examination detailed above has shown that 
the whole of the precentral gyrus, together with the 
posterior portion of the superior frontal gyrus, 
were intact in the right frontal lobe. In terms of 
cytoarchitectonics these preserved areas comprise 
the whole of Area 4 and the major part of Area 6 
(Brodmann, 1925), or the whole of Area F.A. and 
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ult thalamus. Kultschitsky-Pal stain (Anderson’s modifica- 


Fics. 7 and g.—Coronal sections through a normal ad 


tion). X 2. 

Fics. 9-13.—Corona 
the ventro-lateral nucleus a 
as in Figs. 7 and 8. 
FIG. 14.—Mediulla, 


10 and 11 the pallor of the medial part of 


he right thalamus. Note in Figs. 
Stain and magnification 
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nd in Figs. 12 and 13 the pallor of the dorso-medial nucleus. 
showing intact pyramidal tracts. Kultschitsky-Pal stain. x 2°2. 
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the major part of Area F.B. (von Economo, 1929). 
It would seem, therefore, that in man the antero- 
medial. part of the ventro-lateral thalamic nucleus 
projects upon the cortex in a field frontal to the 
electrically excitable zone. Since in the macaque 
the anterior portion of the ventro-lateral cell mass 
projects mainly upon Area 4, while in the chim- 
panzee both Area 4 and Area 6 receive efferent 
fibres from this nucleus (Walker, 19385), it is 
evident that with the expansion of the frontal lobes 
associated with rise in the evolutionary scale, the 
projection of this thalamic radiation shifts pro- 
gressively in a frontal direction. 

The complete degeneration of the dorso-medial 
nucleus is in contrast to the findings of Stern, who 
described in his case a preserved medial cell group 
of considerable extent and suggested that this 
represented the pars.  magnocellularis of lower 
animal forms. It was formerly considered doubtful 
whether this medial large-celled component of the 
dorso-medial nucleus had cortical connections 
(Clark and Boggon, 1935; Walker, 1936), but more 
recently Walker (1940) has shown that in macaca 
efferent fibres pass to the orbital surface of the 
frontal lobe. In the cat, also, the pars magno- 
cellularis projects upon the granular frontal cortex 
(Waller and Barris, 1937; Waller, 1940). In man 
there is evidence that the whole of the dorso-medial 
nucleus is connected to the cerebral cortex, since 
total degeneration had occurred in the example of 
infantile hemiplegia reported by Clark and Russell 
(1940). A similar (unpublished) case of my own 
confirms their findings in every detail. It thus 
appears probable that the preservation of a media 
component of the dorso-medial nucleus observed by 
Stern is to be correlated with the more limited extent 
of the cortical lesion in his case as compared with 
mine in which the orbital surface of the frontal lobe 
was widely affected. The degeneration of the 
antero-medial thalamic nucleus in my case may be 
similarly explained since it is known (in macaca) 
that this cell group relays impulses to the inferior 
surface of the frontal lobes and possibly to the 
anterior part of the cingulate gyrus (Walker, 1938a). 

In conclusion, a few points of pathological and 
clinical interest may briefly be mentioned. The 
abrupt onset of the illness, its serious effect upon 
the infant’s intelligence, and the character of the 
residual lesions are features strongly reminiscent of 
the so-called “‘ encephalitis’ of Striimpell. This 
variety of encephalopathy is not an uncommon 
cause of infantile hemiplegia but its pathogenesis is 
obscure. There is abundant evidence against the 
early view that the condition represents a cerebral 
variety of anterior polio-myelitis (Rothman, 1931). 
In the present case, moreover, the bilateral symmetry 


and sharp demarcation of the atrophied frontal 
cortex would be difficult to reconcile with the wi lely 
scattered foci of a virus encephalitis. On the other 
hand, the gross and microscopic appearances are 
not dissimilar to the form of cerebral softening 
which may follow phlebostasis or phlebothromb oss 
in early life and which is often the sequel of birth 
injury (Marburg and Casamajor, 1944). The 
resemblance between the pathological findings jp 
traumatic softening of this type and that associated 
with Striimpell’s encephalopathy has been noted 
by Dollinger (1927), but a causal relationship 
between the two conditions is certainly not estab. 
lished and there is nothing to suggest that birth 
injury occurred in the present case. 


Summary 


In the brain of an epileptic imbecile atrophy of 
the cerebral cortex involved the major part of both 
frontal lobes exclusive of the percentral gyri, 
Clinically there was no gross locomotor defect. 
The right side of the brain was examined in detail. 
It was found that the Betz-cell containing Area 4 
and the greater part of the agranular frontal cortex 
(Area 6) were intact. In the thalamus severe 
retrograde degeneration implicated the whole of 
the dorso-medial nucleus and also the medial third 
of the anterior part of thé ventro-lateral nucleus. 

Comparison with the experimental findings in 
monkey and ape suggests that with the expansion 
of the frontal lobes associated with rise in the 
evolutionary scale so the projection field of the 
anterior ventro-lateral nucleus shifts progressively 
in a frontal direction. 
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ACCORDING to Bucy (1944) “tremor as a clinical 
manifestation is divisible into two main groups 
which have no etiological connotations. They are 
tremor at rest, and intention tremor. Static tremor 
is another less common manifestation of intention 
tremor. Static tremor is present when the part is 
being voluntarily held still against the force of 
gravity—as when the arm is held outstretched”. It 
may be defined as an irregular involuntary move- 
ment of small excursion and rapid rate, resulting 
from contraction of the opposing skeletal muscles 
in use to keep the part in its static position. This 
loose definition serves to distinguish it from volun- 
tary movement, shivering, athetosis, choreiform 
movement and jactitation and convulsions. 

Sollenberger (1937) concluded that “* tremor is an 
inevitable phenomenon of postural contraction 
inherent in the simplest reflex arc and independent 
of the higher centres for its origin.”” In that case it 
seems to be a peripheral phenomenon related to the 
mode of action of the stretch reflex in protagonist 
and antagonist muscle groups, and is produced by 
the proprioceptive reflexes which maintain posture. 
Nevertheless Sollenberger realized that static tremor 
could be modified by the activity of the higher 
centres. 

Tremor varies in different subjects and from time 
to time in any one subject, being accentuated !by 
hunger, fatigue, and senility. Marked tremor in 
young or middle-aged patients may be due to toxicity 
(alcoholism, thyrotoxicosis), central nervous disease 
(“cerebellar tremor’’) or anxiety. Harris (1934) 
gives a clinical classification of tremors; under the 
heading of “psychotic tremors” are included 
emotion, hysteria, neurasthenia, fright, shellshock, 
tics and habit spasms. The intention tremors 
accompanying such pathological states are an 
exaggeration of an underlying physiological mechan- 
ism. Lazarus and Bell (1943) showed that the rate 
and amplitude of static tremor in cases of hyper- 
thyroidism was significantly greater than that of 
normal controls, but the difference was a matter of 
degree rather than of fundamental quality. 

It is a universal clinical practice to observe flutter 
of the closed eyelids and tremor of the outstretched 
fingers; if this is coarse enough to be seen easily it 
is considered to be abnormal, but a fine “* invisible ”’ 
tremor is always capable of being recorded by 
magnifying the excursion of the part observed. 
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STATIC TREMOR IN ANXIETY STATES 


(RECEIVED STH SEPTEMBER, 1945) 


Wolfenden and Williams (1888) appear to have 
been the first in this country to make systematic 
records of tremors. They differentiated between 
static tremor in Grave’s disease with a frequency of 
11 per second, and the “* tremor at rest ’ of Parkin- 
sonism. Eshner (1897) studied physiological inten- 
tion tremor, and considered that it was characterized 
by irregularity and that the frequency of movement 
bore an inverse relation to its extent. Bousfield 
(1932) and Lazarus and Bell (1943) contradict this 
so-called ‘‘ Law of Tremor ” which was propounded 
by Binet (1920) and supported by Tuttle and 
Voltmer (1939). 

Closer analysis of the nature and cause of static 
tremor is difficult. A lead was given by Schafer 
(1886) with his analysis of voluntary movement in 
human muscle, and although Hill (1921) placed the 
number of impulses at 50 per second, the idea that 
intention tremor was related to the number of fused 
elements in the muscle tetanus was revived by 
Travis and Hunter (1927). Their records of action 
currents from muscles in contraction showed a 
modulated wave form. The electromyogram was 
made up of an audible frequency of 300-600 per 
second and an inaudible frequency of 10-13 per 
second. The relation between the latter and tremor 
in the muscles was close. This work is supported by 
Athanasiu (1923). The work of Adrian and Bronk 
(1929) on the cat was extended by Hoéfer and 
Putnam (1939), who studied action potentials in the 
muscle of man and found that for gentle contraction 
the frequencies of discharge of the individual motor 
unit ranged between 6 to 60 per second and that 
muscular contraction during the maintenance of 
** postural tone ” might be sustained without fatigue 
for long periods. The site of origin of the impulses 
giving rise to intention tremor was determined by 
two lines of approach. Jasper and Andrews 
(1938) recorded tremor coincidentally with electro- 
encephalogram records and concluded that the 
tremor originated in cortical impulses. The fre- 
quency of normal tremor was found to correspond 
closely with the frequency of potential rhythms from 
regions of the cortex anterior to the central fissure. 
This was denied by Travis and Hunter (1931). 
Fulton, Liddell, and Rioch (1932), and Aring and 
Fulton (1936) showed that the origin of cerebellar 
tremor in the cat lies in the excitable cortex of 
the cerebrum, while Putnam (1942) removed the 
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intention tremor in man by section of the pyramidal 
tract in the cervical cord. Bucy (1944) stated that: 


** Intention tremor and tremor at rest are produced by 
impulses passirig from the precentral motor cortex to 
the anterior horn cells via the pyramidal tract. Intention 
tremor develops when a circular controlling pathway 
which passes from the precentral motor cortex to the 
pons, the cerebellar cortex, the dentate nucleus, through 
the red nucleus to the contralateral nucleus of the 
thalamus and thence back to the precentral motor cortex, 
is destroyed in the dentate nucleus, the dentato-rubro- 
thalamic fiber bundle, or in the thalamus.” 


Tremor is a common but by no means constant 
feature of the anxiety state, Sutherland (1941) 
observing it in 66 per cent. of cases. According to 
Morgan (1943) there is a close relationship in humans 
between the prefrontal areas of the cortex and 
neurotic symptoms. Freeman and Watts (1939) 
have removed the emotional tensions of cases with 
severe anxiety by the operation of prefrontal 
leucotomy. It may be that anxiety state and one 
of its signs, exaggerated static tremor, are related to 
abnormal activity of the prefrontal cortex and the 
adjacent pre-motor area. 


Method 


The present report describes the findings in 100 
unselected cases of anxiety state seen at a Military 
Hospital, from whom tremor of the R. index was recorded 
by the apparatus used by Lazarus and Bell (1943). 
This records optically the magnified movements of the 
finger. The finger is supported at the metacarpo- 
phalangeal joint; the hand and arm rest on a splint; a 
thimble bearing a fine wire covers the end of the index 
which can move freely. The pattern is recorded by 
focusing the shadow of the wire on to a camera. Posture 
was maintained by directing the tip of the wire at a target. 
Distances were arranged to give a magnification of eight 
times. Records were taken without the patients’ know- 
ledge for not less than 4 seconds, and the mean rate of 
tremor calculated from the waves over this period. It 
is difficult to strike a mean figure for the amplitude of a 
tremor record. This was attempted by direct measure- 
ment. Complete reversal of direction in the record 
counts as one wave; alterations in base-line are ignored. 
Super-imposed waves are counted if they fit these 
criteria. 

The majority of the cases had been diagnosed by a 
Psychiatrist; the rest were undoubtedly suffering from 
abnormal anxiety. This was associated with emotional 
instability, conflict between duty and inclination, financial 
and domestic worries, past battle trauma or fear of 
future battle experiences and the syndrome of irritability, 
** jumpiness ”” headaches and somatic dysfunction, for 
which no organic basis could be found despite searching 
inquiry. 


Results and Discussion 


A control group of 52 persons between the ages 
of 18 years and 52 years of age (mean 25 years) was 
examined. Of these 25 per cent. showed obvious 
tremor, the mean tremor rate for the whole group 
being 13-4 per sec. with an amplitude of 0-213 mm. 
This agrees well with Young (1933) who recorded a 
rate of 12/sec. in normal subjects. The relation- 
ship between rate and amplitude of tremor was not 
constant. A tremor of small amplitude may be 
frequent or slow but a tremor of large amplitude is 
seldom fast (over 20/sec.); a fast tremor is usually 
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of small amplitude. These statements appiy to 
tremors recorded from normal controls who were 
fit (army medical category Al) and not affected by 
fatigue, hunger, or emotional upset. The cClinica| 
belief that slow tremors are “ coarse” (of greater 
amplitude) and fast tremors are “fine ” (of lesser 
amplitude) holds true as a clinical observation, 
because the slow tremor of fine amplitude is jp. 
visible and the fast tremor of large amplitude js 
rare, leaving the two clinical grades of ** fine ’’ and 
** coarse’ to be seen. Accurate analysis by instry- 
mental recording shows that there is no constant 
relation between age, sex, rate or amplitude in 
static tremor; like the pulse in auricular fibrillation 
it is irregularly irregular. It varies in rate from 
moment to moment and in amplitude from wave to 
wave, but even this rule of variability has its excep- 
tions. Fig. 1 illustrates typical static tremor as 
recorded from normal controls. 

Analysis of the 100 non-selected cases of anxiety 
state (age 18-52 years) by symptomatology gives 
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Fic. 1.—Normal static tremor 8. 
Time in 0-2 secs. 

A. Rate 13 per sec., amplitude 0-22 mm.; average 
trace. 

B. Clinically noticeable ** fine ” tremor. 
sec., amp. 0-125 mm. 

C. Clinically invisible tremor of same amp. as B, 
rate 8 per sec. 

D. “ Coarse ” tremor, rate as in C, amp. 0-62 mm. 

The observation of tremors B and D and the missing of 
C gives rise to the clinical conception of “ fine ” (rapid 
rate and small amplitude) and “ coarse ” (slow rate and 
large amp.) tremors. 


Irregularly irregular. 


Rate 24 per 


the following results. The main symptom was 
indigestion in 26 per cent., headaches 20 per cent., 
respiratory 10 per cent., cardiac 7 per cent., myalgia 
7 per cent., and miscellaneous 24 percent. Tremor 
was obvious on clinical examination in 71 per cent. 
of these cases, which agrees well with the findings of 
Sutherland (1941). 
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STATIC TREMOR IN ANXIETY STATES 


The tremors had a mean rate of 14:33 cycles per 
sec, and a mean amplitude of 0-42 mm. The range 
of vibration rates (5-27/sec.) was similar to that 
found in the controls (5-24/sec.) but the range of 
amplitude was wider (0-062-2°625 mm., as com- 
pared with 0-062-0°625 mm.). The significant differ- 
ence lay in the greater amplitude in the anxiety 
group, Which thus has a “ coarser *” tremor than 
normal. This difference is particularly marked in 
female cases. 

TABLE |.—AMPLITUDE OF ANXIETY TREMOR SIGNIFICANTLY 


GREATER THAN AMPLITUDE OF NORMAL TREMOR; NO 
DIFFERENCE IN TREMOR RATES 


TR =—Tremor Rate TA= Tremor Amplitude 





o Controls A =Anxiety State 
| 
Mean Range a N 
TR(C) .. =—-:13-39 5—24/sec. 4-34 | 50 
TR(A).. 14-33 5-27/sec. 5-01 100 
Difference 0-94 Not significant 
S.E. of D. 0-80 
TA(C) .. 0-213 mm. | 0-062 0-144 | 50 
0-625 mm. 
TA(A) ..0-4245 mm. 0-062 0-412 | 100 
| 0-625 mm. 
Difference 0-212 D=46S.E. 
Significant 


S.E. of D. 0-046 
L 





It is not possible to assess objectively the clinical 
severity of cases in order to correlate the amplitude 
of tremor with the degree of abnormality, but it 
has been observed that a severe degree of anxiety 
may be present without marked tremor. 

Fig. 2 illustrates the tremors found in typical 
cases of anxiety. The pattern is completely irregular 
and rate and amplitude are not proportionally 
related. There is no direct correlation with age or 
Sex. 

If static tremor is the manifestation of a physio- 
logical proprioceptive mechanism and the difference 
between static tremor in ** normal ” and * anxious ” 
subjects is one of degree of amplitude of this tremor 
rather than of rate of tremor (see Fig. 3), the pro- 
prioceptive reflex motor response in pathological 
anxiety is increased. There is no tremor apparent 
in the resting muscle of normal or anxious subjects 
(e.g. during sleep) nor in the muscle paralysed by 
nerve section or anterior horn cell destruction 
(poliomyelitis). Static tremor is dependent upon 
an intact reflex arc. It is absent in hemiplegics 
because it is also dependent on active contraction 
of anti-gravity muscles and the muscle of the hemi- 
plegic is paralysed though the reflex arc may be 
intact (cf. Travis, 1929). Pathological anxiety has 
been relieved by prefrontal leucotomy. Since 
coarseness of static tremor is a manifestation of 
anxiety it would appear that the tremor-causing 
reflexes are affected by the state of the higher centres 
(0 which they must be linked. The normal kines- 
hetic stimulus is responded to byan overactive motor 
response. It is tentatively suggested that this may 
be due to a spread from the prefrontal cortex to 
the premotor cortex, as indicated by Bucy (1942), 
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Fic. 2.—Tremor pattern in anxiety state «8. Time in 
0-2 sec. Completely irregular. 


A. Average record. Rate 13 per sec., amp. 0-4 mm. 

B. Rate 8-5 per sec., amp. 0-125 mm. Contrast with 

C. Rate 8-5 per sec., amp. 1:75 mm. There is no con- 
stant relationship between rate and amplitude. 

D. An unusually “‘ coarse’ tremor, rate 5 per sec., 
amp. 2:0 mm. 
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Fic. 3.—Difference in amplitude is the significant differ- 
ence between “ normal ”’ and “ anxiety ” static tremors. 


A. Normal. Rate 10 per sec., amp. 0:25 mm. 
B. Anxiety. Rate 10 per sec., amp. 0°60 mm. 


who postulated that tremor was due to the inactiva- 
tion of specific *‘ suppressor” areas in the cortex 
which normally inhibit other specific pre-central 
areas. ‘* Release” of these areas results in hyper- 
activity down parapyramidal and pyramidal tracts 
so that various abnormal movements result. 

The nature of the “‘ parapyramidal impulses ”’ is 
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not clear, but their effect as seen in tremor in 
anxiety would appear to be a facilitation of the 
motor neurone effecting the local kinesthetic 
reflexes so that larger groups respond to a given 
impulse and grosser movements result, perhaps by 
a process of central summation. If the stream of 
**extra pyramidal impulses ”’ increase the central 
excitatory state in the anterior horn cells of the 
cord the normal myotatic reflex impulses from the 
posturing muscle will enter a subliminal fringe or 
** irritative focus.”” Summation of the two ineffective 
impulses causes a liminal state of c.e.s. and the dis- 
charge of an increased number of motoneurones, 
hence the coarser tremor of anxiety ; speeds of 
tremor will be unaffected. This theory accords 
with the results found in the present investigation. 


Summary 


Tremor of the R. index was recorded from 52 
normal subjects and 100 unselected cases of anxiety 
State. 

The normal tremor showed a rate of 13/sec. and 
an amplitude of 0-2 mm. _ It was noticeable clinically 
in 25 per cent. of subjects. 

Anxiety gave rise to an increase in amplitude of 
tremor. Anxiety tremor showed a rate of 14/sec. 
and 0-4 mm. amplitude. Neither tremor showed 
any fixed relationship between rate and amplitude; 
they were completely irregular. Anxiety tremor is 
considered to be a development of physiological 
static tremor as a result of augmentation of the 
motor side of a proprioceptive reflex of the ** anti- 
gravity ’’ muscles, due to facilitation of the motor 
neurones by central influences. 


It is desired to express thanks to Dr. Bell, of the 
Institute of Physiology, Glasgow, for the use of apparatus 
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RECOMMENDATIONS FOR THE DESIGN AND PERFORMANCE 
OF ELECTROENCEPHALOGRAPHIC APPARATUS 


‘Sto, 6) & 


Neuro) 
BY 
G. D. DAWSON * 
Cortey (The Neurological Research Unit, National Hospital, Queen Square) 
AND 
~ Biol W. GREY WALTER 
1930) (The Burden Neurological Institute) 
: (RECEIVED 24TH NOVEMBER, 1945) 
Arc, & WiTH the return of peaceful conditions the number used for electromyography or for the recording of 
of centres wishing to install electroencephalographic nerve action potentials. These recommendations 
euro. § apparatus is likely to increase and the question of are primarily concerned with amplifiers and re- 
1) & the supply of such apparatus to become acute. corders for EEG work; but an amplifier for general 
r Already in the United States the difficulty of physiological work, which will be referred to as a 

zraw | obtaining adequate apparatus has been pointed out “ universal ” amplifier, has little more cost or com- 
Dj (Gibbs and Lennox, 1944) and apprehension has plexity than an amplifier made solely for the more 
‘Ss B been aroused by the poor performance of badly limited application. Therefore it is usually econo- 

designed apparatus at present on the market in that mical to make the voltage amplifying section of any 

country (Max, Wiesner, and Bullowa, 1943). There recording equipment universal and to make pro- 

is no doubt that bad performance of apparatus vision for connecting to the output a recording 
81 leads to inferior results and may lead to the growth instrument of general utility as well as the power 


of dangerous fallacies. The development of ap- 
paratus for the purpose of electroencephalography 
is not difficult, but the aim must be a very high 
standard of performance. In the near future 
English equipment will probably be available and 
in order to provide both users and manufacturers 
with a clear idea of the level below which it is con- 
sidered performance should not fall, a list of recom- 
mendations has been prepared at the request of the 
EEG Society. These recommendations have been 
accepted by the Ministry of Health as a basis for 
the development of equipment to be used in hospitals 
and clinics. It must be strongly emphasized that 
this performance is not an unattained ideal, but is 
that of existing apparatus, both of amateur and 
commercial make. The rather rigorous specifica- 
tion of certain controls may seem dogmatic but 
such standardization is desirable if the records made 
at various centres are to be comparable. 

It is hoped that a thoroughly critical approach to 
the subject on the part of intending users of such 
apparatus will discourage the manufacture and sale 
of inferior and untrustworthy instruments. The 
recommendations referred to above are as follows. 


General Considerations 
Amplifiers intended only to drive direct recording 
oscillographs for EEG purposes need not respond 
to such a wide band of frequencies as those to be 





* Work undertaken while working on behalf of the Medical 
Research Council. 
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amplifier for driving the direct recording oscillo- 
graph for EEGs. The details of the recommenda- 
tions below refer to the combination of an EEG 
amplifier and direct recording oscillograph except 
where stated. 


General Characteristics 
(a) For each Amplifying Channel 
1. Linearity of Response 


The deflection given by the recording instrument 
on the record should be directly proportional to the 
voltage applied to the input of the apparatus to 
within 10 per cent. over a range of 90 per cent. of the 
maximum recordable amplitude. 


2. Amplification 


(i) At the maximum setting this should be such 
that an input voltage change of 5 mictovolts (uV) 
will give a deflection not less than 20 per cent. of 
the maximum recordable deflection. 

(ii) The ratio between the maximum deflection 
proportional to the input voltage, and the minimum 
visible deflection, should be not less than 40 to 1. 

(iii) The control of amplification should be by 
two controls, the first continuously variable from 
maximum to less than 1 per cent. of this; the second 
variable in nine steps, eath providing an attenua- 
tion by a half, or 6 db. Two other steps, one giving 
zero attenuation and one giving infinite attenuation, 
should be provided. 
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3. Frequency Response 


(i) Between the limits specified below the response 
of the apparatus to any two frequencies should not 
vary by more than 15 per cent.; i.e. the frequency 
response curve of the apparatus should be flat to 
within plus or minus 7} per cent. over that range. 
Fig. 1 shows the response of a typical instrument 
to an input voltage of constant size and steadily 
decreasing frequency from 150 c./s. to 1-5 c./s. 
Fig. 2 shows a response curve of peak to peak 
amplitude of deflection plotted against frequency 
from 1 c./s. to 100 c./s., derived from a similar 
record made at a faster paper rate to resolve the 
individual waves at the higher frequencies. It 
shows that the response between | ¢./s. and 85 c./s. 
is within plus or minus 6 per cent. of that at 10 c./s. 

(ii) Lower Frequencies. The overall time con- 
stant of the system should be variable in four steps 
with the following values: a maximum not less 
than 1 sec., 0-30 sec., 0-10 sec., and 0-03 sec., corre- 
sponding to not more than 10 per cent. attenuation 
of the response to frequencies of 0-35 c./s., 1:2 c./s., 
3-5 c./s., and 12 c./s., respectively. 

(iii) Upper Frequencies.—Three settings for upper 
frequency response should be provided giving not 
more than 15 per cent. attenuation at 75 c./s., 
25 c./s., and 15 c./s., and a progressive reduction in 
response above these frequencies not less rapid, 
and preferably not more rapid, than may be ob- 
tained with a single shunt capacitance filter. In 
addition, if the voltage amplifying section of the 
equipment is to be used as a universal amplifier, 
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Fic. 1.—Response of a satisfactory apparatus to an input of constant amplitude with frequency changing 
steadily from 150 c/s. to 1-5 c/s. 

























there should be two further settings giving not mor 


than 15 per cent. attenuation of frequencies 
5,000 c./s. and 500 c./s. 











4. Coupling of Controls 


The operation of any one control should no 
alter the effective setting of any other control by 
more than 15 per cent. For example, a change ip 
the amplification controls should not affect the 


frequency response of the apparatus by more than 
this amount. 
































5. Basic Irregularity (*“‘ Noise Level”) 

With the input short circuited and the controls 
set to give an equal response to all frequencies 
between 0-35 c./s. and 75 c./s. no deflections should 
appear in the record greater than would be produced 
by an input voltage of 2 «V peak to peak. This 
degree of irregularity is the greatest that should be 














allowed. It is in fact possible for these irregularities Fp, 
to be reduced to less than would be produced by an ( 
input of 1 «Vv peak to peak and it is desirable that | 
this should be done to allow a margin of safety. 

Examples of levels of basic irregularity are shown 6. 
in Fig. 3A and B, at different recording speeds. In ‘ 
these records the same input, a rectangular wave of — # P 
5 1V, was applied to the inputs of all four channels | °" 
at once. Channels 3 and 4 are considered good, ye 





the irregularity being not more than | »V peak to 
peak, channel | is considered as just satisfactory, 
and channel 2 as in need of attention. 
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; 6. Discrimination 12. Limitation of Arc Distortion 


In With the two input terminals connected together, 
yf | a potential difference applied between them and 
is | earth should not produce a deflection more than 
, | per cent. of that produced by the same potential 
) difference applied between the two input terminals. 


’ 7. Construction 
The construction of the apparatus should be 
such that no external insulation from mechanical 
vibration or noise is required to prevent damage or 
spurious deflections in the record. 


8. Constancy 

The above conditions should be attained within 
15 minutes of switching on and should be main- 
tained for a period of 24 hours of continuous 
running. 


9. Life 

The above conditions should be maintained for 
a period of 1,000 hours use or 2 years from the date 
of installation, whichever is the less, exclusive of 
battery replacements. 


10. Safety 

The apparatus should in all respects conform to 
the recommendations of the F.E.E. regarding the 
safety of the patient and operator. 


(b) In Addition for Multi-channel Equipments 


11. Inter-channel Coupling 

A potential difference applied to the input of one 
channel only should not produce a deflection in any 
other channel greater than 1 per cent. of that in the 
channel to which the potential difference is applied. 


Maximum deflection of one recorder should not 
produce a loss of registration with any other re- 
corder, at any deflection, greater than 10 per cent. 
of the maximum peak to peak deflection of the 
recorder. At zero deflection all the recorder writ- 
ing points should lie on a line perpendicular to the 
time axis of the record, in the plane of the record. 


13. Similarity of Channels 

In a multi-channel instrument the several channels 
should be as nearly identical as possible. In prac- 
tice with all step controls, that is to say the step 
attenuator, time constant, and filter controls, set to 
the same positions and the continuously variable 
attenuator suitably adjusted, an identical input 
signal applied simultaneously to the inputs of all 
channels should give records from them all that are 
superimposable to within 5 or 10 per cent. 


Detailed Characteristics 
14. Circuit 
The circuit arrangement should be such as to 
conform with the general specification and should 
fulfil the following additional requirements :— 

(a) Not more than the first two stages of each 
channel should be battery operated and 
accommodation should be provided for 
such batteries. 

(b) Provided the requirements of the general 
specification are fulfilled, the same bat- 
teries may be employed to provide power 
supplies for more than one channel. 
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(c) In universal amplifiers a socket should be 
provided for the connection of auxiliary 
recording devices to the last voltage 
amplifying stage. 

15. Calibrator 

At the input of the amplifier a calibrating circuit 

should be provided giving an input voltage of 


rectangular waveform in single pulses adjustable in 
size from 5 pV to 1 mV. 


16. Leads 


Input leads should be provided and fitted with 
appropriate clips and plugs to suit individual 
requirements. They should be screened and the 
screen should be securely attached to the common 
earth. 


Mains leads should be screened and earthed as 
above. 


17. Recorder 

The recorder should be such as to produce an 
immediately visible and permanent record. The 
cost of the recording material should not exceed 
5/- (five shillings) for 1 hour’s recording at the 
lowest speed. 

In the case of multi-channel instruments the 
distance between the writing points of two adjacent 
recorders at maximum deflection in opposite phase 
should be not greater than 10 per cent. of the 
maximum peak to peak deflection of the recorders. 

Six hours continuous recording should be possible 
without replacement of recording materials. 


18. Recording Surface Speed 

Three speeds should be provided. The lowest of 
these speeds should be such that the distance 
travelled by the recording surface in 1 sec. should 
be approximately equal to the maximum peak to 
peak deflection of a single recorder. The higher 
speeds should be twice and four times this rate, 
these speeds to be selectable while running. 


19. Recording Surface Travel 

The recording surface should travel from the 
operator’s right to left and should be visible for a 
space of not less than 15 cm. to the left of the 
recording line. 


20. Adjustment of Recorders 


The position of each recorder should be adjust- 
able for :— 
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(a) Pressure on the recording surface. 
(b) Registration in line with the other recorde)| 
at right angles with the direction of tray 
of the recording surface. 


21. Time Marker 


































face. This time marker should provide mark 
at l-sec. intervals and the accuracy of these mark 







motor run on the mains supply available. 


22. Signal Marker 
A signal marker, registered with the recorder, 
should be provided to mark on the recording su. 
face. This should be connected internally wit 
a low voltage supply and should have a socket fo 
external keying as well as a built-in operating key, 





















































23. Pilot Light ae 

A pilot light should be provided to indicate when but j 
any power supply is switched on. tione 
24. Meter char 
A meter should be provided connectable to each§ ever 
battery power supply to indicate when such batteries earl 
need recharging or replacing. thir 
\ 

25. Height snd 
In a static equipment the height of the recording F  pya 
surface should be not less than 30 in. and not mor F (ja 
than 45 in. are 
26. Portable Apparatus of 
In the case of portable apparatus the whole ag 
equipment should be contained in not more than de 
two units, neither of which should weigh more than ” 
50 Ib. (fifty pounds) inclusive of all power supplies * 
and accessories. A carrying handle should be d 





provided such that each unit can be carried in one 
hand. 


27. Finish 


All exposed surfaces should be resistant to the 
action of saline solution and any recording fluids 
that may be used. 
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RHYTHMIC SLOW DISCHARGES IN THE ELECTRO- 


ENCEPHALOGRAM 


BY 


“ RHYTHMS ” have been a part of the /ingua franca 
of the electroencephalographist from the beginning, 
but in fact truly rhythmic disturbances are excep- 
tional, more particularly among the slower dis- 
charges, where great irregularity is the rule. How- 
ever, in connection with epilepsy it was noted at an 
early date that waves of a period of about one- 
third of a second did tend to occur in bursts of fair 
regularity, both of period and of form. Somewhat 
similar waves have been seen in association with 
brain tumours (Walter, 1936) and with trauma 
(Jasper, Kershman, and Elvidge, 1940) and have 
aroused speculation as to the possible association 
of such waves with epilepsy. The author’s atten- 
tion was drawn particularly to these “‘ rhythmic 
delta ’’ discharges by a number of cases of tumours 
which seemed to present a more or less specific 
appearance in the EEG, and accordingly it was 
decided to investigate their occurrence and possible 
significance. 

In the epileptic the rhythmic slow discharge may 
consist of waves which approximate closely to the 
sinusoidal form or may present the more complex 
appearance of the “* spike-and-wave”’. The latter 
is extremely variable in its manifestations and cer- 
tainly no dividing line can be drawn between it and 
the simple sine wave, every degree of spike forma- 
tion being seen from patient to patient and even, at 
times, in a single record. The spike-and-wave 
complex, therefore, cannot be excluded from this 
discussion, and indeed, because of its well established 
association, must occupy a high place, although the 
chief interest is centred on discharges of ** organic ” 
rather than epileptic origin. Many of the slow 
rhythms had been noted to be subject to change 
when the patients’ eyes were opened or closed, and 
consequently the occurrence of a response to this 
type of stimulus has also been investigated; in 
order to obtain a more complete picture of this 
phenomenon the frequency range considered was 
up to 8/sec. 

Many of the disturbances are so outstanding that 
no difficulty is experienced in placing them, but 
there is a borderline of ill-definition where it be- 
comes difficult to decide, and objectivity is en- 
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dangered. Although the spike-and-wave complex 
is occasionally of this nature, it is chiefly in the 
assessment of rhythmicity and response to visual 

stimuli that trouble is encountered. These involve 

consideration of wave-form and the interplay of 

varying frequencies ond amplitudes, a subject which 

has received surprisingly little attention from electro- 

encephalographists, but has recently been discussed 

by Dawson and Walter (1944). 

As is well known, any repetitive continuous 
vibration can be broken down, by Fourier analysis, 
into a fundamental and harmonics of various ampi- 
tudes, all of sine-wave form, the whole being the 
arithmetic sum of the components. The complex 
form of the EEG can be treated in this way, either 
mathematically or mechanically (Grass and Gibbs, 
1938). As a rule the EEG is far from sinusoidal 
and seldom strictly rhythmic, and it is worth con- 
sidering in what manner these irregularities may 
arise: first, the rhythms at their source may or may 
not be sinusoidal; secondly, distortion may be 
introduced in the overlying tissues, either cerebral, 
or skull and scalp, and also of course by the re- 
cording system; thirdly, more than one rhythm 
may be, and usually is, picked up by any pair of 
electrodes, the resulting record being the arithmetic 
sum of such rhythms. Of these alternatives it is 
most improbable that the second can be of real 
significance in producing gross irregularities, so the 
question becomes: is the EEG fundamentally 
sinusoidal, but rendered irregular by the summation 
of distinct rhythms in the recording system, or is it 
fundamentally irregular? In the former case the 
appearance of a “‘ sinusoidal * rhythm in the record 
would be due to the relative disappearance of other 
rhythms; in the latter to an unusual mode of 
physiological activity. That some of the irregu- 
larity is due to the summation of distinct rhythms is 
sufficiently apparent, for example, when the alpha 
rhythm is blocked from a complex record by eye- 
opening; further simplification may be achieved by 
suitable electrode placement to discriminate in 
favour of one rhythm and against another—delta 
activity remains characteristically irregular, and 
regular activity is the exception. Dawson and 










66 WwW. 


Walter have described the harmonic composition of 
the spike-and-wave and it is a matter of some sur- 
prise that such a complex wave-form can survive 
the effects of interference from other rhythms and 
appear in the record as an extremely regular forma- 
tion. All the evidence of this type, and also the 
anatomical evidence to be produced in this paper, 
supports the view that the usual mode of slow 
oscillations in the EEG is irregular, and that regular 
slow oscillations are exceptional and significant. 
At the same time, for their recognition in the EEG 
a relatively large amplitude is essential. In Fig. 1 
are shown the admixtures of sine-waves produced 
by a photo-mechanical oscillator: in (a) a 9/sec. 
*‘alpha ” rhythm is mixed with a 7/sec. “ theta ” 
rhythm of half its amplitude; in (b) a 23/sec. 
‘delta’ rhythm is added, and reaches twice the 
amplitude of the “alpha” rhythm in (c). It is 
apparent that the higher the amplitude of the delta 
rhythm relative to any other rhythms which may 
be present, the more certainly will it be recognized 
as rythmic or arhythmic; the matter is further 
complicated in the human EEG by fluctuation in 
amplitude of the components, a factor which is not 
present in the mechanical example. It is thus 
almost a prerequisite of recognition that the 
rhythmic delta activity should be of relatively large 
amplitude, but it is not suggested that this is one of 
its fundamental characteristics. For example, after 
a head injury, the decline in amplitude can be 
followed in serial records to a point at which the 
delta activity could not be recognized as rhythmic, 
were it not for the previous records. A further 
point which is brought out by Fig. 1 is the masking 
of rhythmicity even when the amplitude is relatively 
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Fic. 1.—Photo-mechanical Oscillograms. (a) 9/sec. 
rhythm mixed with 7/sec, at half its amplitude. (6) 24/ 
sec. rhythm added at half amplitude of 9/sec. (c) 24/sec. 
rhythm increased to twice amplitude of 9/sec. 


A, 
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high. The faster components of the record hay 
been chosen to have no simple harmonic relatig, 
to one another or to the “ delta ” rhythm, with th 
result that, in their sum, the periodicity, measure 
either between the peaks or on the base line, varig 
widely. Similarly there is quite considerable apf 
parent variation in amplitude. 

Some of the problems involved in the assessmen 
of reaction to eye-opening and -closing are of th 
same type as those discussed above. One of , 
different order is the frequency of occurrence of the 
rhythms under consideration. When, for example 
a spike-and-wave outburst occurs only once or 
twice during a long recording it is not possible to 
decide whether an apparent association with eye. 
closing is due to chance. When such an association 
has occurred it has not always been recognized at 
the time, and the opportunity for more careful 
testing has passed. The likelihood of the associa- 
tion being recognized is proportional to the per- 
centage time of occurrence of the particular fre- 
quency. 

The masking of one rhythm by another has been 
discussed by Dawson and Walter, particularly in 
relation to the masking of the 4-7/sec. theta rhythms 
by alpha rhythms. When a dominant alpha 
rhythm is blocked by eye-opening a completely 
unsuspected theta rhythm may be revealed, but if 
the theta rhythm also is blocked its existence 
remains hidden. In Fig. 2 (a) is shown a fairly 
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Fic. 2.—(a) Parietal recording showing 9/sec. alpha 
rhythm with superimposed 6-7/sec. rhythm. (d) 
Mechanical oscillogram showing interference between 
9/sec. and 6}/sec. (4 : 3) rhythms of equal amplitude. 
(c) As in (6) but with the addition of an 11/sec. rhythm 
at half the amplitude of the other rhythms. 











regular 9/sec. alpha rhythm, recorded in the parietal 
region; toward the right side of the record the 
regular rhythm breaks up to form the characteristic 
pattern due to the interference of two rhythms, of 
about equal amplitude, having the frequency ratio 
of 3 : 4 (cf. Fig. 2 (b)). By suitable electrode place- 
ment it was, in fact, possible to demonstrate the 
presence of a theta rhythm at 64-7/sec.; had this 
not been so the existence of the theta rhythm could 
only have been inferred from the interference 
pattern. As Dawson and Walter illustrate, such 
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_In selecting the more doubtful 
examples of rhythmic delta activity, consideration was 


small whole numbers, and provided the two snadd iamalie Ua teaamad- at eek dest ; 
. : iv imari n riod, then to constanc 

rhythms have approximately the same amplitude. of Suen anil finally es prom of aan, 
When a third rhythm, even of smaller amplitude, is bearing in mind the effect of the other rhythms known 
added the characteristic pattern is lost, particularly 
if the third rhythm does not bear a simple harmonic otha f io 2 “y og 

we : oe ve complexes, from perhaps 3/sec. at the outset to 
relation 7 either of the — nal Components, as 2/sec. at the finish, the overall constancy of period does 
illustrated in Fig. 2 (c). Finally, it sometimes pot seem as important as the periodicity of any given 


happens that in complex irregular slow activity, 


to be present. In view of the well known phenomenon 
of the slowing which often occurs in bursts of spike-and- 


wave in relation to that of its immediate neighbours. 


when the eyes are opened a change towards simpli- 
fication takes place, of such a nature that one is 


quite unable to decide what it is, and is forced to Results 


The number of cases considered was 1,316, 


ignore it. 
From the above considerations it is clear that, in composed of :— 

the selection of records showing response to visual ; ; ; 

stimuli, one is certain to be too conservative. There Epilepsy without discovered organic cause .. 245 
: ; . Head injuries, recent and remote 2 wae 
is, however, one pitfall for the unwary which leads Temours .. a re 7 ths "* 999 
in the opposite direction: that is the occurrence of Abscesses. . . - ee ei an 
slow beats or interference patterns, giving the Others, not classifiable above .. - - -_ 


appearance of a slower rhythm underlying the z 
alpha rhythm, which of course disappears when the _ Only five a ee found | PEE Hay 
latter is blocked. Fig. 2 (a) shows a hint of such a nizable reaction to visual stimuli in the theta band 
spurious slow rhythm at 2/sec. (4-7/sec.); they showed no clear correlation with 
To sum up, it may be said that recognition of the other cases discussed and will not be considered 
rhythmic slow activity is dependent upon its rela- further, except to. point out that the figu re would 
tively large amplitude, and of reaction to visual almost certainly be oe much higher with methods 
stimuli of any rhythm upon its percentage time of of analysis other than visual, such as that of Walter 
occurrence, its relative amplitude and its frequency (1943). s ” 
relationship to other rhythms present, usually the The frequency of the rhythmic slow waves ; lay 
alpha rhythm. The response of rhythmic activity between 1}/sec. and 4/sec. and a she grarvagiions visual 
to visual stimuli is more easily recognized than that stimuli was only found —— * h ythmic wave a 
of arhythmic activity. that all the waves responding to visual stimuli were 
also rhythmic, with the exception of those in one 
case of head injury, which were random in their 
Method L occurrence. The total number of cases showing a 
All the records were obtained with a two-channel delta rhythm was 70, and the number showing a 
response to visual stimuli was 24, with an additional 


Grass electroencephalograph, kindly lent to this hospital b 
by Professor E. D. Adrian. Recording was bi-polar four which were doubtful; it was only in the one 
throughout, using  silver—silver-chloride—saline-pad case mentioned that the two phenomena were not 


elect ifi- ; ; 
letrodes, eld n place by a, Butywave cap or mod associated;_the correspondence is so close that the 
and some more frequently. 71 cases will be regarded as a unified group. It is 
, realized that, for reasons which have been discussed, 

An attempt has been made to discover the total the recognition of a change in the record in response 
occurrence of the following in a consecutive series to visual stimuli is most easy in rhythmic activity; 
of patients :— however, it seems probable that other factors are 
(1) Spike-and-waves complexes, whether random _jnvolved, some of which are suggested below. The 
or rhythmic. group of 71 cases comprises 26 epileptics, 20 
(2) All other rhythmic slow discharges; the tymours and one abscess, 17 head injuries, and 7 
upper limit of “* slow” has been arbitrarily set, by cases not classifiable in the foregoing. These 
analogy with the “ spike-and-wave ” complex, at groups will be described separately, but before doing 
4/sec. ; so the age distribution of the cases will be discussed. 
(3) All waves, whether rhythmic or not, at less Of epileptic patients the average age was 19-3 
than 8/sec., and not being a slowed alpha rhythm, years in the “ rhythmic delta ” group and 41-2 years 
which exhibit a response to opening or closing of jn the remainder, of patients with tumours 28 years 
the eyes. in the former group and 42 years in the latter, and of 
The reports on the records of these patients were the patients with head injuries 18-8 years in the 
reviewed and in all cases which might come under one ‘“‘ rhythmic delta” group and 27 years in a control 
of the above three categories (e.g. slow activity not group, the composition of which will be described 
specifically stated to_be irregular) the original records later, The average age in the “ mixed * sroup was'14 
were reconsidered. The reports are made on the cards years, for which it has not been possible to devise an 


of a punch-card index which means that they can be ; z 
readily grouped according to age, pathology, etc. In adequate control. The correlations with age, or 
order, so far as possible, to avoid sophistication the 
reports and records were considered in a random manner, * For the moment this term covers also all spike-and-wave com- 
and the above three groups defined, before any further _ plexes, though some were single and therefore could not be rhythmi. 
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EPILEPSY e----- -* 


TUMOURS 


ACUTE TRAUMA e——__. 








AGE 0O-I0 lI-15 16-20 21-30 


31-40 41-50 51-60 >60 


Fic. 3.—Percentage of “ rhythmic delta ” cases in age groups, for epilepsy, tumours, and acute head injuries. 


rather youth, are even more strikingly brought out by 
expressing the number of cases with delta rhythm as 
percentages of their respective age groups, which has 
been done for the three main categories in Fig. 3. 
The general outlines of the curves demonstrate the 
higher incidence of rhythmic activity in youth, al- 
though the figures are too small to give statistical 
significance to the individual percentages. 

The age incidence of epilepsy, the association of 
** petit-mal ” with youth, and the association of the 
spike-and-wave complex with “ petit-mal”’ are so 
well established that a low average age was to be 
expected; that it was not lower is due to the weight- 
ing of the figures by large numbers of service per- 
sonnel. No such age incidence was anticipated in 
the other groups, and there does not appear to be 
any ready explanation for it; it would seem that 
the synchronization of a large number of cells in a 
slow discharge is more readily achieved in youth, 
particularly about the second decade, than in 
later life. 

Epileptic Group.—This paper is not primarily 
concerned with epilepsy, nor with the spike-and- 
wave complex. The latter is discussed here rather 
to give a background to the remaining rhythmic 
activity than for its own sake; these 26 cases, there- 
fore, will not be described in detail, and only some 
particular points will be mentioned. The criterion 





for inclusion in the group was the occurrence of 
** fits °’ for which no underlying pathology could be 
demonstrated; one or two patients had had a 
previous minor head injury, but without evident 
related sequela. The attacks complained of were 
mostly of the petit-mal type, but 11 of the patients 
had also had one or more major attacks, while eight 
had never been aware of minor attacks. In one of 
these latter a hesitation in speech, thought to be in 
the nature of a stutter, was demonstrated by the 
EEG to be in fact due to very large numbers of 
minor attacks, accompanied by single or double 
“* spike-and-wave ” complexes. One case not in- 
cluded in the above had been subject to episodes of 
violent rage for some years, which were considered 
epileptic by his doctor; the occurrence of outbursts 
of spike-and-wave in his EEG was thought adequate 
confirmation of this diagnosis. 

The incidence of the disturbance in the EEG was 
bilateral and synchronous, or diffuse, in 23 cases, 
and unilateral and more or less focal in three. 
Localization of bilaterally synchronous rhythms 
may be difficult and in the earlier records was some- 
times inadequate; subject to these limitations, their 
antero-posterior distribution was predominantly 
frontal with few exceptions. , 

Definite spike-and-wave complexes occurred in 
19 of the cases, and were doubtful in two others. 
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As mentioned above, all spike-and-wave complexes 
were included for completeness, whether rhythmic 
or not. There was great variability in the number 
of complexes occurring in a burst; in one case the 
complex was always single, and in others occurred 
in pairs, while at the other extreme was a burst 
lasting 27 seconds; the form of the complex was 
equally variable. In any given case the bursts 
tended to be of fairly constant duration and form, 
except that bursts accompanied by clinical mani- 
festations tended to be longer than those without, 
to be of greater amplitude, and to contain more 
clearly defined spikes. The point to be stressed 
here is the gradation which could be arranged: 
single spikes, single spike-and-wave, bursts of spike- 
and-wave, bursts in which the spikes are barely 
discernible, bursts of *‘ sine’? waves, and finally 
rhythmic waves which are continuous or change in 
amplitude only slowly; the gradation is perfect and 
smooth. With the exception perhaps of the first 
and last examples, all these may or may not be 
accompanied by manifest clinical changes; while 
there are no specific differences between the EEG 
outbursts in sub-clinical and clinical petit-mal there 
may be differences in the individual case, of which 
increase in duration of the burst is the simplest. 

Of the five cases without spike-and-wave, in three 
the delta rhythm tended to be paroxysmal, the 
paroxysms being associated once in each case with 
a clinical petit-mal attack. In the remaining two 
the delta rhythm was more or less continuous but 
exhibited fluctuation in amplitude from maximal to 
zero in a manner similar to that of the normal 
alpha rhythm. 

Two of the cases, one with spike-and-wave and 
the other with a continuous simple delta rhythm, 
showed definite reaction to visual stimuli; in 
contradistinction from the majority of the epileptics, 
the affected rhythms were occipital in distribution. 
There were four others in whom a response was 
probable, but not certain, all having spike-and- 
wave complexes. 

Tumours.—This group contains 20 cases with 
delta rhythm out of a total of 229; 53 of these 229 
were not fully confirmed as having tumours, though 
the evidence for a space-occupying lesion was con- 
siderable in all of them; in the remainder the 
tumour was actually seen at operation or post 
mortem, or demonstrated in an unequivocal manner 
by ventriculography or needling. All the lesions in 
the “‘ rhythmic delta ” group were similarly demon- 
strated, with one exception; although the site of 
each lesion was known, the extent of some was 
necessarily doubtful. At the time of investigation 
the length of history varied from 1 week to 53 years, 
and averaged 14 months, so that the rate of onset 
does not appear to be significant. 

The delta rhythm, from 14-4/sec., was bilateral in 
12 cases and unilateral in eight. Of the former, 
10 corresponded with midline tumours (four in the 
posterior fossa) and the remaining two tumours, 
though arising in the left hemisphere, encroached 
on the midline. The distribution of the unilateral 


rhythms corresponded fairly accurately with the 
tumour site. 

The case which first drew attention to the bilateral 
delta rhythms has already been described and 
illustrated (Cobb, 1944), but to recapitulate 
briefly :— 


Case 1.—D. S., a girl of 15, had an astrocytoma of the 
posterior commissure. Her EEG showed a bilaterally 
synchronous 2/sec. rhythm at up to 150 microvolts, 
blocked by eye-opening, and having a focus in each 
parieto-occipital region. This was associated with a 
6/sec. rhythm at around 40 microvolts. 


The significance of this was not fully appreciated 
at the time, but some months later a more sharply 


defined example of the same phenomenon was 
seen :— 


Case 2.—B. M., a girl of 94 years, had suffered for 
34 years from morning sickness. Every morning, shortly 
after rising, she was sick, and then felt quite well for the 
remainder of the day, though she never ate breakfast. 
For the last 3 months she had on waking, or soon after, 
a fairly severe occipital headache, which was relieved by 
the vomiting. There were no other complaints, and 
nothing of significance in her past or family histories. 
Examination (20.1.45) showed gross papilleedema, some 
hypotonia and inco-ordination of the left arm and leg, 
with a grossly ataxic gait. She did not swing the left 
arm and tended to fall to the left side. 

The EEG report was as follows (Fig. 4a): ‘“* The 
alpha rhythm is doubtful—there is much 6~7/sec. 
rhythm at about 70 microvolts, which is probably theta 
rhythm, and also a small amount of 9/sec. rhythm, at 
40 microvolts, which is probably the alpha rhythm. 
Long bursts of regular, almost sinusoidal 2/sec. waves 
occur at about 200 microvolts. They are bilateral and 
synchronous and show a focus in each occipito-temporal 
region, but the amplitude and persistence are greater on 
the left side. They are almost totally inhibited by eye- 
opening and initiated by eye-closing”. In view of the 
previous case the report continued: “ . Suggests a 
tumour in the region of the posterior end of the 3rd 
ventricle, rather to the left of the midline. It is perhaps 
possible that a posterior fossa tumour could produce it 
as a secondary effect of dilatation of the 3rd ventricle”’. 

This raised a doubt as to the correctness of the clinical 
diagnosis of left cerebellar tumour, so a preliminary 
ventriculography was performed; it showed symmetrical 
dilatation of the lateral ventricles and no filling defect 
of the 3rd ventricle or aqueduct. 

At operation (23.1.45) the posterior fossa was explored 
and the left cerebellar hemisphere was found to be 
enlarged; an exploring cannula revealed a tumour mass, 
containing a cyst from which a few c.c. of clear, yellow 
fluid were withdrawn. The child’s condition was too 
poor to admit of removal of the tumour and the wound 
was closed. After operation her condition improved 
steadily and she was discharged symptom-free on 14.3.45. 
During this post-operative period two further EEGs were 
performed: the first, eight days after operation, showed 
little change from the pre-operative record, except that 
the 2/sec. rhythm was no longer of greater amplitude on 
the left side (Fig. 4b). The second, 23 days after opera- 
tion, showed great diminution of 2/sec. activity, par- 
ticularly on the left side, where it could only be distin- 
guished with difficulty; on the right side the amplitude 
was up to 100 microvolts, but the persistence after eye- 
closing was much less than before (Fig. 4c). 


The remaining 10 cases include five tumours in 
the region of the posterior commissure, three cere- 
bellar tumours, one left parietal tumour in which 
there was radiological demonstration of distortion 
of the Sylvian aqueduct, and one left frontal tumour 





®PIS 142] dy) UO 49MO] Opnyiduie : SUISO]- 
‘uONBIOdo JOYe skep 14317 (q) 


¢ ee" g eo 1 


249 UO 1usIedde Aju wyiAys B2P :uONvIado Jaye skep 
‘OPIS yoy 24} uo eUPIIpUuodaid Si pue wy 


MAUL PI9P Jo Sury>01q 


921Y)-AQUOM | (2) 
——__ 


Suimoys P10501 
ene 


PIS 14811 3y) UO SNSOJ ay) Sulmoys 
9ANP19d0-31g (D) 


mae ma —p ‘OLY 
{ “39s U | 


nar es 


v 


a a 


I a 
— 


——hand 








RHYTHMIC SLOW DISCHARGES IN THE EEG 71 


of enormous size. 
reviewed :— 


The cases will be very briefly 


Case 3.—J. T., age 20, had only a week’s history 
suggestive of rising intracranial pressure. A posterior 
fossa exploration was carried out but he died shortly 
afterwards, no tumour having been found. Post 
mortem revealed a fairly extensive astrocytoma of the 
upper part of the mid-brain, with a projection into the 
3rd ventricle. 

The resting EEG (30.10.42) of this patient showed a 
very confused mixture of waves from 2-7/sec. at up to 
70 microvolts, but during hyperventilation a 24-3/sec. 
rhythm was accentuated to over 250 microvolts and con- 
tinued so for about 14 minutes after H.V. had ceased. 


This is open to the criticism that a hyperventila- 
tion response of this type is not uncommon in young 
subjects, but the 23-3/sec. waves were certainly 
present in the resting record, though their rhyth- 
micity was largely masked until their amplitude was 
increased by the over-breathing. 


Case 4.—M. S., age 41, admitted (25.11.42) with a 
6 weeks’ history of rising intracranial pressure, had a 
posterior fossa exploration performed. This revealed 
no tumour, nor did it relieve her symptoms; 10 days 
later a right anterior 3rd ventriculostomy was performed, 
which also failed to bring relief, and she died 24 months 
later. Post mortem showed a glioblastoma below the 
splenium, blocking the posterior end of the 3rd ventricle 
and extending to some extent into both hemispheres. 

The EEG (30.11.42) showed a fair amount of 6/sec. 
rhythm at 50 microvolts, and, in the occipital regions, 
short bursts of 3/sec. waves at up to 90 microvolts. 
Localization was inadequate, but they were certainly 
bilateral and occipital. 


Case 5. S. S., age 40, had suffered for a year from 
attacks of headache and diplopia, the latter becoming 
continuous. Following a ventriculogram (13.1.43) the 
posterior end of the corpus callosum was explored, and 
after dividing it a “ reddish tumour was seen in the 
pineal region” which was evidently an_ infiltrating 
glioma. The patient did not long survive operation, 
and post mortem was refused. 

EEG (8.1.43) showed bilateral rhythmic 4/sec. activity 
of moderate voltage, and some theta activity. 


Case 6.—T. M., age 34, complained of headache of 
one month’s duration (5.11.43). He had gross papill- 
cedema, inequality of the pupils, Lt.>Rt., slight weak- 
ness of the left leg, and some sensory impairment in the 
left arm and leg. A ventriculogram suggested a corpus 
callosum tumour and this area was explored on 24.11.43. 
Hemorrhage was very troublesome, but a greyish tumour 
was exposed beneath the posterior end of the corpus 
callosum; further investigation, including biopsy, was 
not possible because of the difficulty in controlling the 
bleeding. 

The EEG (10.11.43) contained two main frequencies, 
a 4-6/sec. rhythm, and a 2/sec. rhythm occurring in 
quite long, bilaterally synchronous bursts, at up to 
180 microvolts, which could be blocked by eye-opening, 
though this was only momentarily. 


Case 7.—A. A., age 17, had a history of 5 months’ 
curation and complicated symptomatology, chiefly 
indicative of rising intracranial pressure. Ventriculo- 
graphy (4.7.44) showed a filling defect of the posterior 
third of the 3rd ventricle. The short history suggested 
a malignant tumour, so no attempt was made to remove 
it, a third ventriculostomy being performed with good 
relief of symptoms. f 

The EEG (3.7.44) showed a bilateral 6—7/sec. rhythm 
at about 60 microvolts, and a bilateral occipital 2—3/sec. 
rhythm at up to 100 microvolts. The regularity of this 


was largely obscured by alpha and theta rhythms, but 
at times was quite apparent. 


Case 8.—B. J., aged 14, had a 5 weeks’ history of 
headache, vomiting, diplopia and dimness of vision, and 
clumsiness of the right hand for 2 weeks. She had 
intense papille:dema, bilateral 6th nerve palsies, and 
slight weakness and inco-ordination of the right arm 
and leg. Ventriculography on 26.1.45 showed a large 
cyst in the left occipito-temporal region, some internal 
hydrocephalus, and kinking of the Sylvian aqueduct. 
Subsequent 3rd ventriculostomy failed to benefit the 
patient and she died a month later. Post mortem dis- 
closed an extensive glioblastoma in the left temporal 
and occipital lobes, passing across the midline to the 
right parietal lobe. 

The EEG report on 24.1.45 was as follows: “ The 
alpha rhythm cannot be distinguished with certainty, 
but is probably 9/sec. Anteriorly the record is rela- 
tively normal, though there is some 4/sec. activity. 
Toward the occiput there are two more or less regular 
rhythms: 6/sec. at up to 80 microvolts, and about 
24/sec. at up to 200 microvolts. The 4/sec. rhythm is 
also present but rather overshadowed. Phase reversal 
of the 24/sec. rhythm occurs over a wide area of the 
occipital region ”’. 


Case 9.—J. W., age 144. A case of cystic astrocytoma 
of the left cerebellar hemisphere, successfully removed 
on 9.5.42, about 4 months after the onset of symptoms. 

Her EEG on 27.4.45 showed a wide variation of 
frequency and nothing of high amplitude, but a bilateral 
2/sec. rhythm could be distinguished at about 50 micro- 
volts. 


Case 10.—N. L., age 26, was involved in a flying 
accident in February 1941, and was unconscious for 
3 days. He was subsequently (August 1943) boarded 
out of the R.A.F. on psychological grounds, but by the 
following month there was clear evidence of an organic 
lesion. Following ventriculography, a posterior fossa 
exploration revealed a large, extremely thin-walled cyst, 
lying entirely superficial to the left cerebellar hemisphere 
and extending just across the midline. It was thought 
possible that this might have been of traumatic origin. 

The EEG was a complicated mixture of rhythms, in 
which bilateral 3/sec. and 6/sec. occurred in bursts of 
high voltage. 


Case 11.—J. J., age 29. A 7 months’ history and 
clear physical signs led to exploration of the posterior 
fossa on 11.3.44; a soft, solid, infiltrating tumour was 
found in the left cerebellar hemisphere. 

The EEG (9.3.44) showed frequent bursts of 3/sec. 
waves at up to 100 microvolts. They were bilateral but 
thought to be more frontal than occipital. 


Case 12.—R. H., age 25. This woman had an enor- 
mous left frontal tumour, which was partly removed at 
operation, though its rearward limits were not defined. 

The EEG contained three main slow components: 
4-6/sec. at about 60 microvolts, rather more marked on 
the left side; rhythmic 3/sec. bursts at up to 150 micro- 
volts, bilateral, frontal, but showing phase-reversal to 
the right of the midline; and random irregular 2/sec. 
waves, which were not localized. 


This last case would appear to be of a rather 
different order from the others, and perhaps fits 
more aptly into the unilateral group which follows. 

The cases with unilateral delta rhythms will not 
be described separately, but only some salient 
points outlined. There were four tumours on the 
right side: two frontal meningiomata, a meningioma 
which was primarily infratemporal, of such enor- 
mous size as to present in the mid-parietal region, 
and a glioma of unknown, and probably large, 
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extent in the hemisphere. The left-sided lesions 
were three gliomata in the temporal region and 
one case of secondary carcinoma of the frontal 
lobe, which was not directly confirmed. In all of 
these patients the EEG showed a disturbance which 
was maximal on the side of the lesion and closely 
related to it, though in one the focus was somewhat 
anterior to the tumour site. Most of the records 
were complex, but all showed a_ well-organized 
delta rhythm, and in the four left-sided lesions this 
was affected by visual stimuli, either diminished by 
eye-opening, or augmented by eye-closing, or both. 
This was not the case on the right side. It is sug- 
gestive that three of the left-sided tumours were 
associated with homonymous visual field defects, 
one rather doubtful, while three of those on the 
light were not; the remaining two patients were 
not sufficiently co-operative to be tested. 

The single case of cerebral abscess can con- 
veniently be considered here, being the only other 


space-occupying lesion associated with a delta 
rhythm. 


Case 13.—N. C., a soldier age 20, was struck by a 
metallic F.B. on the right coronal suture 4 cm. from the 
midline. This metal passed backwards and medially, 
and came to rest at the midline; X-ray showed it in this 
position with a trail of bone fragments in its track. 
Twenty-four days after injury the wound was soundly 
healed without surgical intervention and the only 
abnormal signs were minimal weakness of the left face 
and arm. 

EEG at this time (27.9.44) showed moderate voltage 
activity at 3-5/sec., generalized but with’ greater incidence 
on the right side (Fig. 5a). 

He remained well for a month and was then dis- 
charged to a Convalescent Depot; the following day he 
had severe frontal headache with vomiting, and becoming 
progressively worse, was re-admitted 5 days after dis- 
charge. He now looked ill, and had early papilloe:dema; 
there was definite weakness of the left face and arm, 
and possibly also of the leg. On the following day he 
had two focal fits. 

The EEG 3 days after re-admission had: ‘“‘a con- 
tinuous irregular background of slow waves, chiefly 
round 2/sec. and 4-6/sec., but at frequent intervals fairly 
regular bursts of 14-24/sec. waves occur, at over 
200 microvolts”. They were maximal in the right 
frontal area, though not well localized. 

An abscess was found in the wound track and success- 
fully dealt with in stages, the patient being finally dis- 
charged 5 months after his injury. A number of further 
focal fits occurred, but his abnormal signs had almost 
disappeared. 

Thirteen days after removal of the encapsulated abscess 
(16.1.45) and 3 weeks before discharge, his EEG was 
similar to the last, but the delta rhythm at 24/sec. was 
of higher voltage and showed a sharp right frontal focus 
(Fig. 55). 


Although this case is complicated by a pene- 
trating head injury, it is evident that the rhythmic 
delta activity is related to the formation of the 
abscess. The persistence of the rhythm after the 
removal of its presumed cause is comparable with 
the findings in case 2, and possible with those 
following head injury. 

Comment.—The 21 cases described above fall 
naturally into two groups, the unilateral lesions 
with corresponding unilateral delta rhythm, and the 
midline lesions with bilateral delta rhythms. The 
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latter group contains tumours in two disting 
though closely related sites, and it is necessary , 
consider whether the origin of the delta rhythm ; 
the same in both. It is fully realized that no ven 
precise anatomical localization is possible from thi 
material, but seven of the tumours involved th 
structures at the posterior end of the 3rd ventrick 
centred roughly on the posterior commissure, anj 
it seems reasonable to suppose that the comm 
factor in these cases is that involvement. | 
addition they comprise the majority of cases in 
which lesions of this area were confirmed. Tumour 
around the 3rd ventricle, not including the supra. 
sellar region, which did not show rhythmic del 
activity numbered five, of which three were colloid 
cysts lying more or less free in the ventricle, one 
was primarily in the right lateral ventricle and onl 
had seedlings in the anterior part of the 3rd, and 
one was a left thalamic glioma. There were also 
four cases in which there was presumptive evidence 
of a tumour in this region, but both operative and 
post-mortem evidence were lacking. It is perhaps 
worth noting that the case of ** akinetic mutism” 
described by Cairns et al. (1941) had a bilateral 
delta rhythm associated with a 3rd ventricle tumour. 

It seems clear that the common factor in the pro- 
duction of bilateral rhythmic delta activity in cases 
1, 3, 4, 5, 6, 7, and 8 is the involvement, directly or 
indirectly, of some part of the epithalamus, or a 
closely related structure. Is it possible to associate 
the delta rhythms found in the cases of cerebellar 
tumour, cases 2, 9, 10, and 11, with involvement of 
the same area? 

In the first place, rhythmic slow activity is the 
exception with posterior fossa lesions, being shown 
by four out of a total of 38 such tumours. The 
34 non-rhythmic cases included 16 tumours arising 
in or involving the cerebellum or lower brain-stem, 
11 neurofibromata, and four cases not fully con- 
firmed in site; finally there were three tumours 
confined to the 4th ventricle, two being small benign 
cysts, and the third an encapsulated solid tumour. 
These latter are of importance, as they presumably 
produced their neurological effects by a simple 
obstruction, uncomplicated by direct tumour in- 
volvement, and are therefore an argument against 
internal hydrocephalus as a cause of rhythmic delta 
activity. 

In three of the cases, Nos. 2, 9, and 11, the extent 
of the tumours was not accurately determined at 
operation and extension upward into the mid-brain 
was possible, though not substantiated. It is 
assumed, therefore, that all four lesions were purely 
cerebellar in their direct effects, and confined to the 
left side; there does not appear to be any simple 
anatomical explanation for this left-sided prepon 
derance, and the number of cases is too small t¢ 
exclude the workings of chance. 

There is fairly general agreement that infra- 
tentorial structures do not themselves produce 
recordable changes in the EEG, and any effect they 
may have upon it is exercised through supra- 
tentorial structures. It seems probable that these 
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four cerebellar lesions produced their effect by some 
unusual distortion of the upper brain-stem, or inter- 
ference with its blood supply. Colour is lent to 
this idea by the asymmetric diminution of rhythmic 
delta activity after operation in case 2, which also 
provides one further argument in the form of 
reaction to visual stimuli. It is difficult to believe 
that this could be imposed by infra-tentorial struc- 
tures, and there is no reason to suppose a different 
mechanism from that of case 1, whatever that 
may be. 

In the cases with unilateral delta rhythm it is 
more difficult to find any anatomical factor common 
to them all, and still less to the bilateral cases; their 
distribution extended throughout both hemispheres, 
some were expanding lesions, and some invading, 
though all were probably, or certainly, large. 
There is evidence of involvement of deep central 
structures in several, though not in, at least, the 
two right frontal meningiomata. This evidence 
consists of the known size and extent of the infra- 
temporal meningioma, the position of the metallic 
foreign body in the abscess, and the presence of a 
right homonymous visual field defect in two, and 
possibly three, of the left-sided cases. For the 
present it would seem that some of the unilateral 
rhythms may be of the same nature as the bilateral 
ones, while others are perhaps chance occurrences. 

Reaction to eye-opening and -closing is not con- 
sistently seen, but occurs in all the left-sided cases, 
and three of the bilateral ones; in the former there 
is supporting evidence, in the form of field defects, 
for involvement of the visual pathway, though this, 
of course, is only the beginning of an explanation 
of the mechanism involved. In the bilateral cases 
no field defects were observed, though again an 
anatomical basis is suggested by the proximity of 
the lesions to the superior colliculi and the lateral 
geniculate bodies. 

There were indications of raised intracranial 
pressure in all but one of the cases, in the form of 
papilledema, high lumbar C.S.F. pressure, or 
internal hydrocephalus. Several authors (Walter, 
1937; Williams, 1939) in writing of the effects of 
raised intracranial pressure, have described the 
generalized slow waves as characteristically rhythmic, 
but disagreement with this conception has been 
expressed in a recent paper (Cobb, 1944) and is 
maintained in this. The majority of the tumour 
cases in the total series had raised pressure, but all 
those showing rhythmic delta activity have been 
described above; in them rhythmicity was clearly 
associated with the tumour site, rather than with 
any effect of raised pressure. 

Finally there is the subject of the relationship of 
delta rhythms to epilepsy, of importance because 
of the similarity of rhythms in this group to those 
associated particularly with petit-mal. Of the 209 
patients with tumours whose records did not con- 
tain a delta rhythm, 88 had fits at some time before 
or during their stay in hospital—that is 42 per cent. 
The corresponding figures for the ‘“‘ rhythmic 
delta *’ cases were 2 out of 20, or 10 per cent. If 
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the abscess is included the figure becomes 14-3 pe 
cent (Table I). Although the total number of case, 
(21) is too small to provide a reliable percentage jt 
is quite clear that delta rhythms associated with 


TABLE I.—SHOWING DISTRIBUTION OF FITS IN RELATION 


TO DELTA RHYTHM AMONG TUMOURS AND Heap 
INJURIES 





— 




















| | 

| . Per- 

| Total | Fits centage 

Tumours | ** Rhythmic delta ” | eee 14:3 
| Non-rhythmic | 209 88 | 42:0 

H.I. All | “Rhythmic delta” | 17 | 3| 176. 
| Non-rhythmic | 515 | 105 | 20-4 

| = 
Acute | “ Rhythmic delta ” 16 | 3) 18-7 
|Non-rhythmic .. | 207 | 8 | 39 
| Selected N-R.. | 38 | 5 | 13-2 





tumours are not an indication of a concomitant 
epileptic tendency. The fact that the percentage is 
considerably lower than that in the control group 
is probably explained by the weighting of the 
rhythmic group with a high proportion of non- 
cortical lesions. 

Head Injuries.—This is a somewhat diverse group 
of 17 cases comprising both penetrating and non- 
penetrating injuries, with loss of consciousness in 
all but one. The plainest correlations within the 
group are with youth, as already mentioned (with 
two exceptions the patients were under 30), and 
with the lapse of time after head injury. 

One patient was examined 33 months after 
injury, while all the rest were first seen within 16 days 
or less (average 9 days). In those patients who had 
serial records, rhythmic slow waves had disappeared 
in all but one by the end of 3 weeks. This is in 
agreement with the finding of Williams (1941) who, 
however, seems to have found rhythmic delta 
activity in a higher proportion of cases than occurs 


in this series, where it is something of a rarity—. 


3-2 per cent. of all cases, or 7-2 per cent. of acute 
cases (up to 21 days post-traumatic). 

Individual case histories will not be quoted but 
the main points will be summarized. Although the 
severity and site of injury varied widely, there was 
in the majority some evidence of basal injury, and 
this appears to be the only reasonably constant 
finding. This evidence varied from inequality of 
the pupils and oculomotor palsies, through basal 
fractures with bilateral C.S.F. otorrhcea, to definite 
signs of a severe lesion in the upper mid-brain. 
Seven of the cases were of this type and a further 
seven had more or less focal injuries with fractures 
in the petro-temporal region. The remaining three 
injuries consisted of a penetrating G.S.W. in the 
parietal region, a concussion with 10 minutes’ post- 
traumatic amnesia and no abnormal physical signs, 
and a frontal sinus injury. This last is of a rather 
different type from the rest, as it was the only case 
in which the slow waves were not rhythmic but 
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RHYTHMIC SLOW DISCHARGES IN THE EEG 


were blocked by eye-opening. This patient had an 
injury to his right orbit by a high-velocity missile, 
which destroyed the eye and frontal sinus and caused 
a small dural tear and cortical laceration. His 
record 12 days after injury contained random 3/sec. 
waves Closely associated with the alpha rhythm, and 
no definite evidence of frontal injury. This case 
appears to resemble closely the series of scalp 
wounds due to high-velocity missiles described by 
Bickford (1944), though in these there was neither 
fracture nor dural penetration. In any case the 
relationship between his cases and those described 
in this paper would seem to be close, though the 
causative trauma (or neoplasm) was different. 

The delta rhythm was bilateral and symmetrical 
in nine cases, bilateral but asymmetrical in four, 
and unilateral in four. There was good correlation 
between the presumed site of neurological damage 
and the distribution of the delta waves; all the 
seven cases with presumed basal injuries had 
bilateral rhythms which, when adequately localized, 
were Occipital; two of the three penetrating injuries 
(the third is mentioned above) had corresponding 
unilateral delta foci; the remaining two unilateral 
rhythms were associated with temporal injuries. 

The delta rhythm in nine of the cases showed a 
response to eye-opening or -closing, five of the 
rhythms being bilateral, one bilateral but pre- 
dominantly left-sided, and three left-sided. None 
were on the right side, and there were, in fact, only 
two cases with predominantly right-sided rhythms. 
These observations are of the same order as those 
in the tumour group, but no coincident visual field 
defects were observed among the head injuries. 

It is interesting to note that as recovery from the 
injury occurred, the delta rhythms tended to diminish 
in amplitude, but even more in amount, and in the 
later stages might only appear as a few waves, still 
of appreciable amplitude, after eye-closing. After 
complete disappearance from the resting record it 
was usually possible to reproduce them by over- 
breathing. That this was not the common response 
to hyperventilation in young people was demon- 
strated by the fact that the delta rhythm remained 
unilateral when it had previously been so in the 
resting record (Fig. 6). 

In an early paper Williams (1941) concluded that 
these rhythmic slow discharges had no significant 
relationship to epilepsy (see also Williams, 1944). 
In seeking evidence on this point a considerable 
handicap is presented by the nature of the material 
at this hospital, which has consisted of Service 
personnel and civilians, the majority of the latter 
from London and its suburbs. In either case, on 
discharge from hospital, they have left the district 
and follow-up has been rendered difficult or im- 
possible; when later sequela have developed some 
patients have been referred back, but more than 
presumptive evidence of the absence of sequelz is 
lacking in the remainder. 

None of the 17 patients had had fits prior to 
injury. After injury three had probable or certain 
fits: 
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(1) The child, age 3, with mid-brain hemorrhage, 
had repeated fits. 

(2) One man had a right focal fit shortly after 
injury. 

(3) A child of 4 years lapsed into unconsciousness 
shortly after injury; the unconsciousness 
lasted 20 minutes and was accompanied 
by restlessness and spasticity of the legs; 
it was thought by his doctor to be an 
epileptic attack. 

In the “‘ rhythmic delta ” group the percentage of 
ascertained epileptics is thus 17-6 or, omitting the 
last case, 11-9 per cent. In the whole “ non- 
rhythmic” group of 515 cases there were 105 
epileptics, or 20-4 per cent.; however, a large number 
of these patients were referred to this hospital 
because of their epilepsy and the two groups are 
not therefore comparable. The acute head injuries 
are not subject to this objection, but numbers of 
them had normal or borderline records, and are 
not comparable with the “ rhythmic ” group which 
necessarily had very abnormal EEGs. An attempt 
has therefore been made to select a group of cases, 
from those with acute injuries, having records of 
comparable abnormality with those of the 
‘“‘rhythmic”’ group. Subject to the same diffi- 
culties of follow-up, five patients out of 38, or 
13-2 per cent., had fits, compared with three out of 
16 acute cases in the “‘ rhythmic ”’ group, or 18-7 per 
cent. (see Table I). These differences are not suffi- 
ciently striking to warrant the conclusion that 
rhythmic delta discharges are necessarily indicative 
of potential epilepsy, though the limitations of the 
investigation are fully realized, and time may prove 
the contrary. 

The Mixed Group.—This consists of seven cases 
of various and sometimes dubious nature. They 
have youth in common, the eldest being 24 and the 
average age 14. The length of history varies from 
1 week to 13 years. 


Case 14.—E. E., age 21, admitted in extremis after 
12 months’ illness. She died 4 days later, and post 
mortem showed multiple small granulomata, possibly 
tuberculous, in the cerebellum and brain-stem. 

EEG 3 days before death showed bilateral rhythmic 
2/sec. waves of high voltage. The effects of eye-opening 
and eye-closing could not be tested, and the distribution 
was not adequately checked. 


Although this record was rather inadequate it is 
fairly certain that the case is comparable with those 
with tumours of the upper mid-brain region, or 
possibly of the cerebellum. 


Case 15.—J. R., a girl of 9, had an abrupt onset of 
left hemiparesis with loss of consciousness. Subse- 
quently she showed steady improvement and it was 
supposed that she had had a cerebral hemorrhage or 
thrombosis, possibly on the basis of a congenital vascular 
abnormality. 

Four weeks after the commencement of her hemiplegia 
her EEG showed a sharp focus of rhythmic 2-34/sec. 
waves at up to 150 microvolts, in the right parietal 
region. They occurred in well-defined bursts and were 
blocked by eye-opening. 


This would seem to be comparable with similar 
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findings with unilateral tumours. It is the only 
example in the whole series of a strictly unilateral 
delta rhythm on the right side which was blocked 


by eye-opening; to confrontation there was no 
visual field defect. 


out preponderance on one or other side. Although 
there are points in common between these two 
types it does not seem possible to postulate a single 
anatomical mechanism for all; when verifiable ajj 
the bilateral cases have shown a lesion in the region 
Case 16.—J. H., a girl age 15, With a history of left- ©! the epithalamus, and a high degree of probability 


sided Jacksonian fits since the age of 2. A right frontal ©X!Sts for a lesion in a similar position in most of 


flap was turned on two occasions, at 8 and 14 years old, the unverified cases. While some of the unilateral 
and revealed extensive cortical atrophy. EEGs on three 


: ‘ 1 tumours and head injuries approach this region, 

<alais Ghathenie. a pornngeh pie — others certainly do not, and the rhythmicity asso. 
Ce ft 1 sec. Ivily, e 1 1Ke-and- ° ‘ z 

wave, which was primarily right frontal, but in subse- ‘lated with these appears at present as a chance 


quent records became more widespread, and bilateral Phenomenon. On the other hand it is noteworthy 
frontal. 


that a very high proportion of the cases, some of 


This is the only example in 1,300 cases of spike which have been described in detail, and including 
; > 2 : = . . . . . Be 
and-wave complexes associated with a_ verified the idiopathic epileptic group, ig nied . I — 
organic lesion. Spike-and-wave complexes of a red thms, mostly “~~ a Gyece. ge - ae en 
; : ing cord. 
rather unusual type developed during the course of _ a Pony gle pnt Re Ron =i oa 
the illness of one further patient, following Cardiazol Dove (19. 44) and Cobb (1944) to lesions in the 
therapy. The nature of this illness was obscure — oe of the ied eatiie’ cual Giieees 
and its manifestations protean, a tentative label of hn sheaiidie ait iieiniaiad, ml a non 
encephalitis being given to it. Four EEGs recorded . g ; late saiite 
during a period of 6 months, showed the develop- . rd believe that the — ‘an =m oe 
ment of a bilaterally synchronous occipital delta have its origin in an area acpecent ero = ; 4 
rhythm, responsive to visual stimuli; in the last = the bilateral delta rhythm; rhy thmicity > at least 
record it occurred only after eye-closing as a burst of bilateral rhythms, appears to be mae ed “= 
of three or four waves, preceded by a single spike. an origin in basal structures, whether evinced as 
The fifth patient in this group probably also had alpha, theta, or delta activity. F urthermore, - 
an encephalitic lesion. The clinical signs were susceptibility of such rhythms to mpeass visual 
those of a cerebellar tumour, the presence of which, stimuli would seem to be nM & maaction of their 
however, was not confirmed by ventriculography; rhy thmicity but of their anatomical origin. In 
following this investigation she made a rapid and P#SS!M8; it must be said that it is not suggested that 
almost complete recovery. Her EEGs were essen- the recorded potentials are other than cortical, 
tially similar to those of the pafients with midline — that — can be driven by a sub- 
tumours. Records of the same type were seen in ‘SO!UCA! pace-maker. , 
one of the remaining cases, that of a boy who com- While the distribution of unilateral rhythms is 
plained of headache; there were no other complaints about — on the wo poe the 62, secmenaeeae hn 
and no abnormal clinical findings, so that no definite 'SPOMSe to eye-opening or -Closing Is Neavily 
diagnosis was made. left side (9 to 1, and one doubtful). No constant 


corresponding field defects were found, but from 

_Case 17.—Three weeks’ headache and one attack of an electrical point of view the left hemisphere seems 

= in a — of 24 (G. = per = toto be more susceptible to inhibiting stimuli than the 
psycho-neurotic in origin. Her resting con- |; : — 

tained a single one-second burst of 4/sec. waves. An right. In confirmation of this it has been noted 


exactly similar burst occurred during hyperventilation. that when there is an asymmetry of the alpha 
rhythm the lower voltage is more commonly on the 
Although as a group these seven cases show little left side. 


uniformity, individually several of them have points (2) Considering more particularly the bilaterally 
of resemblance to those in the more defined: groups, 


synchronous epileptic discharge of the spike-and- 

and are not without value in demonstrating the wave type, two main mechanisms have been sug- 

variety of lesions which may give rise to delta gested to account for the synchrony: either that a 

rhythms. focus in one hemisphere activates a similar focus in 

. : the other, with too short a time lag to be measurable 

Discussion in the EEG, or that a common sub-cortical focus 

The three main points which derive from this triggers both hemispheres simultaneously. Evi-. 
review are: (1) the anatomical distribution of 


dence, of two different types, for the latter view has 
lesions producing rhythmic delta activity; (2) the been provided by Jasper (1941), and recently by 
relationship between rhythmic delta activity of Hursh (1945). Further support is offered here, in 


“ organic” origin and that of “epileptic” origin, the form of the similarity between the epileptic and 
particularly the spike-and-wave complex; and  non-epileptic types of rhythmic activity and the 
(3) the significance of “ organic” rhythmic delta suggested site of origin of the latter. As a general 
activity in its relationship to epilepsy. rule bilateral spike-and-wave complexes are maximal 

(1) Though the distinction is not always perfect, anteriorly, while the converse is true of the 
rhythmic delta activity is usually either unilateral ‘‘ organic” rhythms considered here; it is note- 
and focal or bilaterally synchronous, with or with- worthy that in the two epileptics whose rhythms 
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RHYTHMIC SLOW DISCHARGES IN THE EEG 


were definitely blocked by eye-opening, their 
amplitude was maximal toward the occiput. It 
does not seem possible to postulate a single site of 
origin for both the spike-and-wave and simple 
“sine” wave forms of bilateral rhythmic delta 
activity, partly because of this variation in antero- 
posterior distribution and also because of the rarity 
of spike-and-wave forms with organic disease, 
though it does seem that the deep sub-cortical 
structures particularly favour the rhythmic mode. 

On the other hand some cases of epilepsy are 
associated with activity which varies from a single 
spike or group of spikes, through a single spike-and- 
wave complex to short groups of complexes, all of 
these occurring apparently at random anywhere on 
the cortex. The complicated harmonic constitution 
of the spike-and-wave makes it difficult to believe 
that the components could be derived from different 
sources, though there is some evidence for this in 
the form of different electrical foci for the two 
components (Dawson and Walter, 1944). It is 
probable that the spike-and-wave is an essential 
expression of epilepsy but its distribution is subject 
to the same factors which govern the rhythms of 
“ organic” origin, which may be related to sub- 
cortical lesions, or less commonly to cortical ones. 

(3) In this series the association of symptomatic 
epilepsy with rhythmic delta activity is not con- 
firmed and in fact the contrary is suggested by the 
tumour group, though the numbers involved are 
too small to provide a definite answer. However, 
there is no line which can be drawn between spike- 
and-wave outbursts having definite epileptic signifi- 
cance and delta rhythms apparently having none. 
A possible distinction is between paroxysmal bursts 
and those more or less continuous rhythms which 
rise and fall gently in amplitude; none of the 
“ organic’ rhythms were truly paroxysmal, with 
an abrupt beginning and end, but on the other hand, 
neither was all the epileptic activity, whether asso- 
ciated with clinical changes or not. Where the 
onset and ending are abrupt the probability of 
epilepsy is certainly high, and where they are not 
it remains in doubt. 

General Hypothesis ——The state of affairs in a 
normal record with little or no alpha rhythm is 
exactly paralleled by that in a record, some weeks 
after head injury, which has shown a delta rhythm. 
In both the relevant rhythm may be absent until the 
eyes are closed, when a few rhythmic waves of 
moderate amplitude occur, dying rapidly away; in 
both the rhythm can be made apparent by hyper- 
ventilation. 

Consideration of rhythmic delta activity from an 
anatomical aspect fails to demonstrate a common 
unifying factor in all cases, but analogy with the 
behaviour of the alpha rhythm suggests a tentative 
hypothesis of general application: the delta rhythm 
may be a rest rhythm, potentially present in all 
Subjects, and possibly in all cortical areas, though 
normally held in abeyance by other cerebral activity. 
This preclusion is less perfect in youth, and in 
certain cerebral structures, such as those associated 
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with the epithalamius, and may be broken down 
completely by various factors, of which alkalosis 
(hyperventilation) and a low blood sugar, a “ con- 
stitutional defect” (epilepsy), and destructive 
cerebral lesions (tumour, trauma, etc.), are the 
chief, but it may be reinforced by arousal stimuli 
such as opening the eyes. 


Summary and Conclusions 


1,316 cases have been scrutinized for: 

(1) Rhythmic slow activity (upper limit 4/sec.). 

(2) Spike-and-wave complexes of all kinds. 

(3) Blocking by eye-opening, or augmentation by 
eye-closing of all rhythms slower than 
8/sec. 

The factors involved in the segregation of these 

groups are discussed. 

Apart from one case all reactions to visual 
stimuli (28) occurred in ‘* rhythmic delta ” cases, of 
which there were 71, composed of 26 idiopathic 
epileptics, 20 tumours and one abscess, 17 head 
injuries, and 7 unclassified. 

In all groups there was clear correlation with 
youth. 

Wide variation in spike-and-wave activity makes 
it impossible to draw any line between it and simple 
delta rhythms. Some “ spike-and-wave ’ appears 
to be random and some more or less focal, but it 
is commonly bilaterally synchronous and usually 
frontal. In two epileptics a delta rhythm which 
responded to visual stimuli was definitely occipital. 

In *‘ organic ’’ cases the delta rhythms are either 
unilateral and correspond with the site of the lesion, 
or bilaterally synchronous and occipital. Among 
the latter there is correlation, definite in tumours 
and probable in the remainder, with lesions of the 
epithalamic region. No correlation is found with 
raised intracranial pressure or internal hydro- 
cephalus. 

Response to visual stimuli may occur in unilateral 
or bilateral rhythms; in the former it is almost 
confined to the left side. 

Despite the similarity of the “ organic” delta 
rhythms to those occurring in epilepsy no corre- 
lation whatever is found in the tumour group 
between epilepsy and rhythmic delta activity; nor 
is this correlation apparent in the head injury group, 
but incomplete follow-up renders this less definite. 

Correlation with a short interval between injury 
and recording is almost complete. 

Distinction between “organic” and epileptic 
delta rhythms is not possible in borderline cases, 
but the epileptic outburst tends to be less continuous 
and more sharply paroxysmal, while the spike-and- 
wave complex is rarely associated with organic 
lesions. 


My thanks are due to Mr. Harvey Jackson, whose 
cases comprise the majority of those discussed; cases 
numbered 1, 2, 10, 11, 14, and 16 were transferred from 
the National Hospital, Queen Square. Thanks are due 
also to Mr. E. B. C. Hughes for checking the clinical 
data, to Dr. G. D. Dawson for advice and criticism, and 
to Mrs. W. M. Robinson for technical assistance. 
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Introduction 


GIDDINESS is a prominent symptom after many 
head injuries, and though the subject of much 
research, its etiology in general, and in individual 
cases, has remained a matter for dispute. In 
view of the consequent difficulty in assessment 
and therapy it appeared worth while doing further 
investigations. 

All types of head injury seen at a busy neuro- 
surgical centre have been included in the investiga- 
tion, excluding only facial injuries or simple scalp 
wounds with no evidence of cerebral concussion or 
contusion. Of over 400 cases, 30 per cent. had a 
complaint of giddiness. In half of these there were 
definite hallucinations of movement, subjective or 
objective. The term “ vertigo” is used exclusively 
for such cases in this paper. The majority of the 
remainder complained of unsteadiness on alteration 
of posture, and there were some where the symptom 
was associated with ‘* blackouts,” headaches, nausea 
and vomiting, or impairment of equilibrium. There 
was bleeding from the ear, deafness or tinnitus, 
nystagmus or visual disturbance (diplopia or blurred 
vision) in the initial stages of most cases with 
giddiness as a symptom. 

Giddiness without hallucination of movement 
was almost always of minor degree and limited 
duration. Vertigo (as defined above) adhered to a 
fairly regular pattern; it appeared soon after injury, 
it recurred at regular stages in convalescence, and 
in many cases persisted for months or years after- 
wards. Such considerations suggested that there 
was some organic lesion common to these cases and 
it seemed probable that it involved either the laby- 
rinth or its central connections in the brain. It 
seemed that tests of vestibular function should 
indicate the frequency of such a lesion, whether it 
were peripheral or central. 

The first series of 50 cases tested was not con- 








secutive, but apart from a group of 10 with fracture 


of the petrous bone (proved by X-ray), and a few 
others with bleeding from the ear, was unselected, 
the tests being done as opportunity arose during 
the course of routine work. Cases with and with- 
ut giddiness as a symptom were tested. A second 
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series of 14 cases (7 of which had been included in 
the first series) was tested by a different technique, 
in view of recent research findings. Finally, a 
series of 449 cases of head injury (including the first 
series of 50 cases having vestibular tests) was studied 
in detail with reference to the symptom of giddiness 
and its possible causes. 


Previous Investigations—Despite the many in- 
vestigations carried out with vestibular tests in 
head injuries, and though all are agreed upon the 
high incidence of abnormalities, the consistent 
findings are few. Mygind (1918), Linthicum and 
Rand (1931), Barré and Greiner, and Bremer et al. 
(1932), have all commented on the absence of any 
close relationship between vestibular and acoustic 
abnormalities in head injury. Mygind states that 
falling and vertigo resulting from caloric tests are 
slight or absent. Eagleton (1922) states that with 
concussion of the brain or increased pressure in the 
posterior fossa ‘‘ there is restricted response on the 
affected side with a prolonged interval between the 
application of the stimulus and the inception of the 
vertigo response’’. Linthicum and Rand found 
abnormalities of past pointing reactions the most 
constant observation, and infer mixed central and 
end organ damage or central (i.e. brain) damage 
alone in most cases. Bremer et a/. state that “‘ vesti- 
bular disorders are manifested by hypo-excitability 
with caloric and rotatory tests ’’, and that ** hyper- 
excitability exists only with recent trouble or with 
lesions of central origin’. Barré and Greiner, and 
Portmann and Despons (1937), however, found 
more often a hyperactivity. Hofmann (1925) quotes 
one case in which repeated tests showed diminished 
rotation and caloric reactions. There was gradual 
depression of both right and left rotation reactions, 
while the caloric tests remained unchanged, one 
side having a depressed reaction. Linthicum and 
Rand noted gradual loss of labyrinthine function 
with retesting of six cases, while there was improve- 
ment of subjective symptoms. Barré and Greiner 
noted that there was less hyperexcitability in most 
of those in which the tests were repeated. Mygind, 
Portmann, and Despons, and Glaser (1937), without 
producing specific evidence, suggested that vaso- 
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motor changes and instability might largely account 
for the great variations in findings. 

Hallpike and others (1942 and 1943) have intro- 
duced a new method of caloric testing which elimi- 
nates certain fallacies and distinguishes twp main 
types of vestibular lesion and their combinations 
shown in temporal lobe lesions and Meniére’s 
disease. 


Vestibular Tests (First Series) 50 Cases 


Method 


The technique adopted for the performance of these 
tests was simple, necessitated by considerations of time, 
staff, and equipment; but all cases were tested personally, 
with the assistance of one nurse. Hearing was tested in 
each ear by a whisper. Deafness was recorded when this 
was not heard at twenty feet in a quiet room. A tuning 
fork (C256) was used to perform the Weber and Rinne 
tests and to test the absolute bone conduction, enabling 
a distinction to be made between middle and inner ear 
deafness. Spontaneous phenomena, such as nystagmus, 
past pointing and falling (Rombergism) were recorded 
at the time of the tests. Rotation (ten times in twenty 
seconds with the head inclined 30° forwards) was per- 
formed on 16 cases sitting in a revolving chair. As this 
test did not give any promise of further useful informa- 
tion, it was then abandoned. 

Caloric tests were done in all cases. The method 
adopted was the original one of Barany, as described by 
Isaac Jones (1918) and Northington (1939). Cold water 
of a temperature 65° F. was run from a douche can one 
foot above the patient’s ear, through a rubber tube and 
glass nozzle held in the external auditory meatus. The 
patient sat with his head inclined forward at an angle of 
30° and the observer sat in front of him holding a watch 
on which the patient fixed his eyes, intermittently at first 
so as to avoid tiring. The time after commencing 
douching at which nystagmus first appeared with 
moderate lateral deviation of the eyes was noted, and 
the douche continued for another ten seconds. Past 
pointing was then tested and the presence or absence of 
vertigo and falling noted. The head was then tilted 
backwards 60°, nystagmus again observed (being nor- 
mally now horizontal and of greater amplitude than 
before when it was rotatory), past pointing tested, falling 
and vertigo being noted as well as nausea and vomiting 
in susceptible cases. At least several minutes were 
allowed to elapse, with subsidence of all signs and 
symptoms, before irrigating the second ear. If necessary 
the irrigation was continued for five minutes before 
being abandoned. 

Control tests were carried out on 15 normal cases 
(i.e. in which there were no history of head injury, no 
deafness, and no otoscopic abnormalities). The time 
for appearance of nystagmus in these varied between 
30 and 65 seconds after the commencement of the 
douche, which agrees with the previously mentioned 
authorities. These times were taken as the limits of 
normal. The times for each ear corresponded accurately 
in the individual controls, within 5 seconds of each other 
for all but three, within 10 seconds for two, and in only 
one, a particularly susceptible case, was there a difference 
of 20 seconds. Therefore, between 30 and 65 seconds 
was taken as within normal limits for appearance of 
nystagmus and under 20 seconds as the extreme limit of 
asymmetry regarded as normal. 

The tests were done at intervals after the injury, 
varying between 5 days and 3 years. Most were done 
between 3 weeks and 3 months, i.e. at the convalescent 
stage before leaving hospital, this of course, varying with 
the severity of the injury. 


Spontaneous Phenomena (Table 1).—Spontaneous 
nystagmus has been recorded at some stage in 20 
cases, in 14 of which vertigo was a complaint. One 





case had vertical nystagmus on looking up. This 
last (26)* was one of three cases diagnosed as 
brain stem contusion, to be referred to later. Two 
cases were noted as having nystagmus first to the 
side of the injury and later to the opposite side 
(19, 25). Only one case (3), with signs of brain 
stem lesion, had spontaneous past pointing, of slight 
degree and of one hand only. There were two 
cases with rombergism or spontaneous falling re. 
actions at the time of the test, one (2) a case of 
occipital fracture with signs of severe occipital and 
cerebellar contusion, and one (14) a case which had 
signs of labyrinthitis and early meningitis at the 
time of the test. There were 11 cases having 
definite inner ear deafness. 


Results of Rotation Tests.—Of the 16 cases tested 
in this manner, all except one presented after 
nystagmus of duration within normal limits (15 to 
30 seconds). Such slight difference as there was 
between the two directions (i.e. after rotation to the 
right and to the left) in each case bore no relation 
to the caloric abnormalities. In only 4 cases, how- 
ever, was the induced vertigo as severe as in the 
controls. 


Results of Cold Caloric Tests (Table 1).—Of all 
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the 50 cases, there were 40 with abnormal responses 
to the caloric tests and 10 normal. The most 
striking abnormalities were delay in the onset of the 
nystagmus and delay in onset and depression of the 
induced vertigo in comparison with the controls. 
In 25 cases nystagmus did not appear for 2 minutes 
or more after irrigation of one or other ear had 
been started. In nine, of these cases the latent 
period was between 4 and 5 minutes, and in another 
three nystagmus failed to appear after 5 minutes 
irrigation. Amplitude of the nystagmus was some- 
times found to be markedly reduced on the side of 
a delayed response, and this would remain so even 
if the irrigation were continued for a minute or 
more after its appearance, sometimes with fair 
vertigo response. This was particularly noted with 
cases tested a long time after injury (e.g. repeated 
tests). In cases retested 2 years after the initial test 
the abnormalities had remained with only a little 
diminution in the times for nystagmus to appear 
(Table II). 

Nearly all cases showed less induced vertigo than 
the controls, and it was later in relation to the 
nystagmus. Seven cases gave no vertigo with 
irrigation of either ear. An abnormal type of 
vertigo was noted in one case. This case of left 
temporal contusion and deafness (12) had normal 
rotatory vertigo from the test on the right side, but 
on the left with the head tilted back 60°, she said it 
felt “like going up in an aeroplane”. On that 
side the induced nystagmus was vertical. One 
other case (2) showed perverted nystagmus. Ab- 
normalities of past pointing after caloric stimula- 
tion were viewed with some reserve as they are 
difficult to estimate, and only gross abnormalities 





*Numbers of cases refer to Table I. 
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were recorded as such, eight times in the whole 
series. 

There is a widely held hypothesis that perverted 
nysiagmus and abnormalities of past pointing on 
caloric testing indicate a “‘ central” lesion of the 
vestibular pathways, i.e. in the brain as opposed 














to ‘peripherally’ in the ear or vestibular 
nerve (Jones, 1918; Northington, 1938). For 
Times in seconds for cold caloric 
responses to appear 
Case Original test 2 years later 
R. ear L. ear R. ear L. ear 
wee. 150* | 300* 40 300* 
| (slight) (slight) 
VF. 300 105 300* 25 
(nil) (slight) 
=. oe 40 300 (nil) 30 120 
EB. ae 45 135 45 110 
Ss. 3. 40 120 60* 65 
J. %. 90 75 70 60 

















* Small amplitude nystagmus response. 


TABLE II.—REPEAT TESTS 


convenience such abnormalities are referred to 
as “central” and will be specially referred to 
later. 


Analysis of Results (Table I) 


RELATION OF COLD CALORIC RESPONSES TO SYMPTOM 
OF VERTIGO AND DURATION OF DISABILITY 


(a) Cases with Vertigo.—Twenty-six of the cases 
tested had a complaint of vertigo (i.e. with hallucina- 
tion of movement). Of these, 15 had marked delay 
in response, nystagmus not appearing with irrigation 
of one or other ear for 2 minutes or more. Asym- 
metry of response was marked in some, but 8 cases 
(2, 7, 9, 13, 17, 24, 26, 44) had symmetrical delay 
in the appearance of nystagmus. Two of these 
(2, 26) had clinical signs of focal brain injury to 
cerebellum or brain stem and gave grossly abnormal 
past pointing responses. Two other cases (10, 11) 
had grossly abnormal past pointing responses with- 
out apparent delay in the appearance of induced 
nystagmus, and two (2, 12) gave “ perverted” 
nystagmus (e.g. vertical instead of horizontal with 
the head tilted back). These were classed as 
abnormalities of the ** central ” type. 

The follow-up indicated a relationship, although 
not an absolute one, between the degree of abnor- 
mality in response, and the duration of disability, 
in cases complaining of vertigo. The four cases 
vith little or no response from one or other ear in 
’ minutes all had vertigo lasting over a year. Cases 
with a complaint of vertigo for 6 weeks or more 
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after injury all had gross delay in response or 
“central” types of abnormality, except for one 
case (8) which had an unusual complaint after 
return to work (see Remarks column, Table I). 
The patient’s account of this phenomenon remained 
quite constant, and he remained at work. There 
was a high proportion (4:7) of relapses in the 
cases with vertigo persisting 6 weeks or more who 
returned to work in less than 4 months; in each 
case, vertigo was the major symptom causing 
relapse. Demonstrable inner ear deafness and 
spontaneous nystagmus were very frequent in cases 
with a complaint of vertigo. One or other of these 
signs was present in all cases with vertigo lasting 
more than 6 weeks after injury, except in two cases 
that had bilateral middle ear deafness and signs of 
subacute catarrhal otitis media (13) and otitis 
externa (11). 

There were four cases with a complaint of vertigo 
giving symmetrical cold caloric responses within 
normal limits. Their clinical features, however, 
presented a marked similarity. 


(8) Knocked off cycle by lorry. R. occipital fracture 
running to base. Bleeding R. ear. Inner ear deafness, 
R. more than L. Vertigo first appeared a month after 
injury and persisted over 6 months. He complained of 
a sense of rotation and of actual falling whenever he 
heard a loud voice behind him at work. 


(19) Knocked down by lorry. R. frontal contusion 
and laceration. Nystagmus first to L., and later to R. 
Diplopia. Vertigo 1-17 days. 


(21) Fell off truck (history of previous such accidents, 
and old L. deafness). Occipital fracture, blood in 
C.S.F. Nystagmus to R. and L. Vertigo 3-14 days. 


(22) Slipped, striking head on conveyor belt. Occi- 
pital laceration and contusion. Nystagmus to R. and L. 
Vertigo 2nd and 3rd days only. 


(b) Cases without Vertigo.—There were 24 cases 
in the series tested who had no symptom of vertigo 
and 18 gave abnormal responses. Of these, 10 had 
a delay of 2 minutes or more in the appearance of 
nystagmus, and two showed “central” abnor- 
malities (of past pointing responses). Seven of 
these cases, however, had giddiness not classed as 
vertigo (i.e. no clearly described hallucination of 
movement). These all had grossly abnormal 
responses except one (31) with occipital fracture 
and hypertension, and a delayed, but steady con- 
valescence. 

In cases without giddiness as a symptom, the 
degree of abnormality of response corresponded in 
some degree with the duration of disability shown 
by the follow-up except where there was evidence 
of a local aural lesions (36, 41, 46). It may also 
be noted that of the 18 cases that have no complaint 
of vertigo but show abnormal responses, there is 
only one (44) with a difference of less than 20 seconds 
between the times for responses from each ear, 
i.e. symmetrically delayed responses are not found. 
Of these 18 cases all had either penetrating wounds 
or evidence of local injury to the middle ear except 4 
(30, occipito-parietal fracture; 40, brainstem lesion; 
45, acute alcoholic; 50, subdural haematoma). 
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In cases without any complaint of giddiness, 
only 2 (39, 40), both with occipital fracture, 
had spontaneous nystagmus, and only | (41) also 
with occipital fracture, had inner ear deafness 
(which may have been present before injury). There 
were 5 cases with no complaint of giddiness giving 
responses within normal limits. One (39) with 
occipital fracture was still convalescing 2 months 
after injury, but the others (38, 47, 48, 49) were 
symptom free in 3 weeks or less. One of these 
patients (49), although he had a blood pressure of 
220/150 and a fracture of the petrous temporal 
bone demonstrated by X-ray, was symptom free 
from the first day. 

To summarize: there was a recognizable, though 
not absolute, relation between the degree of abnor- 
mality of the cold caloric responses and the severity 
of the symptom of vertigo, or giddiness (without 
hallucination of movement), or of general disability 
where there was no vertigo. Modifying factors 
appeared to be (a) the site and type (e.g. closed or 
open) of cranial injury, (6) the presence of inner 
ear deafness and other local aural pathology, or of 
spontaneous nystagmus. 


RELATION OF COLD CALORIC RESPONSES TO SITE AND 
TYPE OF CRANIAL INJURY (TABLE III) 


With only one exception (36), where asymmetrical 
responses were obtained in 11 cases with petrous 
fracture of bleeding from the external meatus the 
most delayed response was from the ear opposite 
the side of the injury. On the other hand, nearly 
ali with occipital fracture or contusion had sym- 
metrical responses (25, 40, 41 were exceptions). 
This suggested a general investigation of the site of 
cranial injury (as indicated by scalp lesion, or skuil 
fracture, if present). The relation between the side 
of cranial injury and the more delayed cold caloric 
response appeared to be of general significance 
(Table III). 











Open head injuries 
Closed 
Side of _ head 
response injuries | Non-pene- | Penetrating 
(25 cases) | trating dura 
(2 cases) (8 cases) 
Opposite side . . 15 | 4 
Same side i 3 1 3 
Equally delayed 
responses .. 7 a 1 














TABLE III.—RELATION OF (MORE) DELAYED COLD 
CALORIC RESPONSES TO SIDE OF CRANIAL INJURY 


(35 cases—omitting cases without delay in response, and 
one case, J. K., without lateralized cranial injury) 


Asymmetrical Responses 


Closed injuries: The most frequent finding was 
that among the closed head injuries 15 had the 


delayed (or more delayed) response on the side 
opposite the cranial injury, while only three had 
greater delay on the side of injury. Of these three 
with homolateral delay, one (25) with L. occipital 
laceration, had a _ hypersensitive (20 seconds) 
response on the opposite side, and one (45) sus. 
tained a L. frontal laceration after falling while 
under the influence of alcohol (both were relatively 
minor injuries from blows near the midline); the 
third was an unusual case. 


(14) Knocked down at football, landing on R. ear. 
Immediately and subsequently he suffered from periodic 
attacks of severe vertigo, and at the time of the test 
(3 months after injury) there was almost complete R. 
inner ear deafness, and a little scarring of the tympanic 
membrane (there had been no bleeding or discharge from 
the ear following the injury). There was also a little 
spontaneous nystagmus on looking to the left and 
tendency to fall to the right. Cold caloric responses 
were obtained in 44 minutes from the R. ear, and 
34 minutes from the L. ear. Two days later the C.S.F, 
showed a pleocytosis, though no clinical signs or 
symptoms of meningitis developed, and the condition 
subsided, at least temporarily. 


The findings in this case suggested a mild attack 
of labyrinthitis at the time of the test. In cases of 
early labyrinthitis resulting from suppurative otitis 
media the affected ear may be unduly sensitive to 
caloric stimulation (cf. fistula syndrome). Where 
the disease frogresses to complete destruction of 
the labyrinth the response from the affected ear 
disappears (cf. Meniére’s disease, Cawthorne, 
Fitzgerald, and Hallpike, 1942). Repeated attacks 
of subacute inflammation supervening on injury 
and causing advanced destruction of the R. laby- 
rinth would account for the greater delay, or even 
absence of response on the R. side, as compared 
with the findings in most other closed injuries 
where damage to labyrinths, if any, was apparently 
not so complete, and caloric responses were less 
delayed on the side of injury. 

Open injuries: Of 10 cases of open head injury 
with delayed responses, two were compound skull 
fractures without dural penetration, one (43) having 
depression of bone in the R. parietal region near 
the vertex, with a subsequent attack of focal epilepsy 
and a delayed caloric response on the L. (opposite 
side to injury), and the other (42) having a L. 
fronto-parietal fracture without depression or any 
signs of focal brain lesion but delayed caloric on 
the side of injury. 

Four cases with wounds penetrating dura had 
depression of response from the opposite side. 
Three were injuries from projectiles and involved 
the temporal region. One (15) had a bullet passing 
through the R. posterior fossa and lodging its tip 
in the R. mastoid antrum, one (16) had a bullet in 
the R. temporal lobe, while the third is again worth 
consideration. 

(37) Penetrating wound of the L. fronto-tempora! 
region from a fragment of projectile fired from an air- 
craft flying low overhead. There was no loss of con- 
sciousness or amnesia for the event. There was no 
complaint of vertigo and no deafness on subsequent 


testing. The wound was explored with the removal of 
the foreign body soon after the injury and healed by 
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primary intention. Three months after the injury, and 
4 weeks before the caloric test, he: had an inlay rib graft 
to the skull defect. 


lt is seriously suggested that the hammer and 
chisel work on the bone at the second operation 
was equivalent to a second head injury, this time of 
closed type, and may help to explain why his 
responses (with greater delay on the side opposite 
injury) were comparable to those of most closed 
injuries (cf. 32 who was struck repeatedly with a 
hammer, but in the frontal region near the midline). 
The fourth case with dural penetration having a 
delayed response on the opposite side was one (34) 
of frontal fracture near the midline. Though the 
dura was torn, the wound was not of the usual 
penetrating type, being caused by blunt injury (he 
collided with a lorry when riding a motor cycle) 
and causing widespread frontal contusion. The 
wound involving scalp, bone, and dura, was several 
inches long vertically and not more than { in. wide, 
i.e. it was of the ** split ” variety (without depression 
of bone). Thus this case was also really comparable 
with closed injuries. 

Three cases with dural penetration had greater 
delay in caloric response on the same side as the 
cranial injury. Of these, one (4) was an extensive 
bomb wound involving the L. occipital lobe (the 
cranial injury is described as occipito-parietal in 
Table I, but it extended to the midline); one (29) 
was an extensively depressed and comminuted 
fracture of the L. vertex; the third (32) was a 
depressed fracture of the frontal region (a disc of 
bone being separated by the hammer mentioned 
above). 

To summarize: With open and closed injuries 
the commonest abnormality was a delayed cold 
caloric response on the opposite side of the cranial 
injury, the principal exceptions being some cases of 
open injury, with penetration of dura. In these 
latter, and in two closed injuries that were also 
exceptions to the general rule, the site of injury lay 
close to the midline of the skull. It is possible that 
the mechanism of injury (e.g. the force of the blow) 
may be significant in this connection. 


Symmetrical Responses 


Special considerations apply to cases where the 
responses from each ear were within normal limits 
or equally delayed (i.e. within 20 seconds of each 
other). In all, there were 18 cases with fracture of 
the petrous bone or bleeding from the external 
auditory meatus. In addition there were 4 others 
(9, 14, 26, 46) with local contusion of the ear or 
immediately adjacent. Of these 22 cases, 13 (3, 5, 
14, 15, 16, 18, 23, 28, 33, 35, 36, 41, 46) had grossly 
asymmetrical responses, one (27) a slightly asym- 
metrical response, while 8 (7, 8, 9, 11, 12, 26, 39, 49) 
had symmetrical responses. The cases with sym- 
metrically delayed responses included three of 
these with aural injury (7, 9, 26); one (2) with 
bilateral occipital fracture; one (24) with occipital 
contusion; and three others, one (17) with frontal 


fracture; one (13) with parietal contusion and 
subsequent bilateral catarrhal otitis media; and 
one (44) with a penetrating frontal wound. Most 
normal responses, which were symmetrical with- 
out delay, were in cases of occipital injury (see 
below). 

Symmetrical responses occurred with injury (a) in 
the temporal region, (b) in the occipital region 
(with little or no delay in responses), (c) near the 
midline generally (cf. gross asymmetry of responses 
in most temporal injuries). 


Normal Responses 


As regards severity of injury, it may be noted 
that the only case of open cranial injury with normal 
responses was originally a relatively minor case, 
certainly as compared with the other open injuries. 


(38) A small chip flew off a grindstone in use and 
struck the R. frontal region embedding itself there, 
causing a short fissured fracture. There was no uncon- 
sciousness or amnesia, no vertigo, and only slight head- 
ache. Delay in recovery was due to infection of the 
wound. 


The other nine cases with normal caloric responses 
included six closed fissure fractures (one (49) of 
petrous, four (8, 21, 31, 39) of occipital, one (19) 
frontal), and three with scalp contusion but no 
fracture ((48) frontal, (22) occipital, and (47) 
occipito-parietal). All these cases had a short 
uninterrupted convalescence, even the two (31, 49) 
with hypertension. 

The distribution of closed injuries with and with- 
out fissured fracture of the skull may be significant. 
Excluding cases with petrous fractures or bleeding 
from the ear (which were to some extent selected), 
and four other cases with temporal contusion, 
there remain 13 closed injuries with abnormal 
responses. Of these, six had fissured fractures of 
the skull, while seven had contusion or laceration 
of the scalp without fracture. In conjunction with 
the finding that responses from cases with pene- 
trating injury on the whole do not show as great 
abnormality as those with severe closed injuries, 
this suggests that probably solution of continuity of 
the skull (per se) leads to less abnormality of caloric 
response (cf. greater incidence of the symptom of 
vertigo in closed injuries). 


RELATION OF COLD CALORIC RESPONSES TO PRESENCE 
OF DEAFNESS, AND SPONTANEOUS NYSTAGMUS 
(TABLE IV) 


There were 11 cases of indubitable inner ear 
deafness recorded (and three (7, 12, 33) doubtful 
or unspecified). In all cases deafness, whether of 
inner or middle ear type, was on the side of cranial 
injury, whether this was closed or open. Bleeding 
from the ear occurred only on the side of injury— 
and not with penetrating wounds (except one (16), 
a bullet wound of the temporal fossa). The more 
delayed caloric response occurred on the opposite 
side with five closed injuries and one open injury. 
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(This last case (15) had a healed R. labyrinthitis 
with almost complete R. deafness, hearing only a 
shout close to the R. ear with the L. ear masked.) 
The most delayed caloric response occurred on the 
same side as injury with two cases of penetrating 
injuries ((4) and (29) both with wide and deep 
penetration of brain) and one closed injury. This last 








aoe Nnner ear | Relation of 
ao Type of injury deafness to | More delayed 
on (closed or open, aide of caloric to side 
Table | Site, labyrinthitis) coainl of cranial 
I injury saad 
(3) | closed, temporal | same side | opposite side 
(5) | closed, temporal | same side | opposite side 
(6) | closed, frontal same side | opposite side 
(27) | closed, temporal | same side | opposite side 
(41) | closed, occipital | same side | opposite side 
(old deafness) 
(15) | open, occipito- same side | opposite side 
temporal, healed 
labyrinthitis 
(14) | closed, temporal, | same side | same side 
? active laby- 
rinthitis 
(4) | open, occipital same side | same side 
(29) | open, parietal same side | same side 
(8) | closed, occipital same side | no abnor- 
R. (R.>L.) mality 
(2) | closed, occipital | equilateral | equilateral . 
(R. and L.) (R.=L.) (approx.) 














TABLE IV.—RELATION OF INNER EAR DEAFNESS AND 
CoLD CALORIC RESPONSES TO SIDE OF CRANIAL INJURY 


case (14) also had symptoms of R. labyrinthitis with 
almost complete R. deafness. One case (8) had 
symmetrical responses within normal limits with 
bilateral deafness R. more than L., while the deaf- 
ness on the R. was the third most severe in the 
series, hearing low voice at 15 inches on the 
R. with the L. ear masked. One case (2) of severe 
closed occipital injury had bilateral deafness with 
symmetrical responses. With reference to the 
effect of apparent destruction of the labyrinth in 
(14), causing sub-total elimination of the cold caloric 
response on that side, it should be mentioned that 
three other cases with sub-total or complete deafness 
and minimal or absent response on the same side 
have been encountered. Two had _ penetrating 
wounds involving the petrous with subsequent 
infection, and one (J. P., in the second series with 
hot and cold tests) was a closed injury with no 
external evidence of any lesion involving the ear. 
It is rather surprising to find that (15) with a history 
of severe infection and almost complete deafness 
had a brisk response (in 45 seconds) on the injured 
side, though, owing to the phenomenon of direc- 
tional preponderance some depression of the cold 
caloric response could be expected on the other 
side. 

It has been noted that (a) inner ear deafness may 
be present in the absence of demonstrable fracture 
of the petrous bone (2, 4, 5, 6, 8, 14, 29) or of 
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obvious cold caloric test abnormality (8). (5) | 
may not be present where there is fracture of the 
petrous bone (11, 23, 36, 49). (c) Bilateral inner 
ear deafness occurred in three cases, two (2, 8) with 
occipital fracture, one (3) with petrous fraciure. 
(d) Inner ear deafness is associated nearly always 
with the worst cases of vertigo and the grossest 
caloric abnormalities (Table I). Spontancous 
nystagmus occurred mainly in cases with moderate 
abnormality of response, and did not usually coin- 
cide with the presence of open cranial injury, 
petrous fracture, or inner ear deafness (Table 1). 


RELATION OF COLD CALORIC RESPONSES TO 
FOcAL BRAIN INJURY 


There were nine cases in the series which had 
marked “central” types of abnormal response, 
i.e. abnormalities in the direction of the induced 
nystagmus or past pointing. One of these cases 
(2) had a syndrome of gross cerebellar contusion, 
and four others (3, 5, 26, 40) had well marked 
clinical signs of brain stem contusion. Such signs 
are inequality of pupils or abnormality of their 
reactions, defective conjugate ocular movements, 
occasionally other cranial nerve palsies, nystagmus 
—-vertical nystagmus especially is said to be pathog- 
nomonic—and interference with the long tracts, 
motor or sensory. Asymmetry and delay of times 
for nystagmus responses from each ear in cases with 
“central” abnormalities was minimal, except in 
two cases (3, 5) where there was also evidence of 
peripheral ear damage. The finding that asym- 
metrical responses from some cases of penetrating 
brain injury differed from the rest (i.e. in the side of 
the more delayed response) seems to be of general 
rather than local significance as the injuries were at 
different sites. The main feature these injuries had 
in common was their proximity to the midline (32 
frontal, 29 vertex, 4 occipital). 

The effect of striking the skull laterally, when it 
is not fixed, is to cause rotation round a sagittal axis. 
This causes shearing strains in the brain (Holbourn, 
1943) accounting for the so-called contre-coup effect, 
which is not likely to be caused by bumping of the 
brain on the far side of the skull. Contre-coup 
effect may mean greater damiage on the side oppo- 
site cranial injury because changes in rotational 
velocity are usually greater at the pole opposite to 
the point of impact (Lancet, 1943). In cases with 
cranial injury near the midline, the stresses caused 
in the brain differ from those caused by lateral 
blows and damage is unlikely to be so asymmetrical. 
With penetrating brain injuries near the midline 
(e.g. 4, 29, 32) the local brain injury is likely to be 
much more severe than any damage to the opposite 
pole. In this they differ from most closed injuries, 
and this may explain why the three cases mentioned 
were exceptions to the general rule in having a 
delayed caloric response on the side of cranial 
injury. The same considerations apply to two 
closed injuries (25, 45) where the site of trauma lay 
close to the midline and the caloric responses were 
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exceptions to the general rule. In both these cases 
the injury was only slight, without unconsciousness, 
and the maximum brain damage was probably at 
the site of the blow. 

Of the four open brain injuries that followed the 
general rule, in having the more delayed caloric 
response on the side opposite the cranial trauma, 
two (34. 37) had clinical features already mentioned, 
making them comparable to cases of closed injury. 
The other two were bullet wounds adjacent to the 
petrous bone. It is probable that one (16) had a 
“contre-coup ” injury; although he was R. handed 
a R. sided wound was accompanied by severe 
dysphasia and R. lower facial weakness. In one 
with severe deafness following labyrinthitis (15), 
severe rotational stress with injury to the opposite 
cerebral pole could not be excluded, owing to the 
nature of the injury—a bullet striking the posterior 
aspect of the petrous at its outer end. 

In two cases of open skull fracture without dural 
penetration there was a difference in the mechanism 
of injury; in one (42) this was a fall from a cycle, 
in the other (43) a blow from a crowbar. In the 
latter, though local injury was near the midline, 
more rotational stress was probable, as with closed 
injuries. It was the one with delayed caloric on 
the side opposite cranial injury (Table III). 

Signs of focal ‘‘contre-coup”’ injury to the 
cerebral hemisphere in cases that survive are not 
common. The only case in this series showing 
such signs was possibly the open temporal injury 
(16) mentioned above. Two cases of brainstem lesion, 
however, had signs of injury on the side opposite 
the blow. These could be caused by impingement 
of the brainstem against the edge of the tentorium, 
or by rotation of the cerebrum about an axis pass- 
ing through the midbrain with resulting strain. 


(26) Boy of 12 years. Playing with friends, hit by 
ricochet of half a brick on the L. temporal region. Not 
unconscious and did not fall, but immediately had 
severe vertigo (rotatory, subjective, and objective) lasting 
about two minutes, followed later by headache, recur- 
rent vertigo, and repeated vomiting. There was no 
vertigo after the first day. A week later he was noted 
to have vertical nystagmus on central fixation and coarse 
horizontal nystagmus looking right or left. There was 
marked loss of upward ocular deviation and convergence, 
with left internal rectus weakness. There was slight 
lower left facial weakness and weakness of the left arm 
and leg with left extensor plantar response. X-ray 
showed no skull fracture. C.S.F. was yellow, under 
low pressure (35 mm.). There was no deafness. Air 
encephalogram was normal. A cold caloric test 6 weeks 
after injury showed very depressed responses. There 
was no induced nystagmus from either side after 
4 minutes with the head tilted 30° forwards and only 
very fine nystagmus with it tilted back. There were 
grossly abnormal past pointing responses, and falling 
and vertigo reponses from the L. ear only (i.e. the 
responses were actually a little more depressed on the 
R., the side opposite the site of cranial injury). 


In this case the combination of ocular and left 
pyramidal signs indicated a lesion of the midbrain, 
on the right side, being above the pyramidal decus- 
sation. Such asymmetry of cold caloric responses as 
there was corresponded with that in most closed 
injuries, ie. greater depression of the response on 


the side opposite cranial injury; (3) showed a 
similar combination of ocular and pyramidal signs. 
As with (26) there was a hemiparesis on the side of 
cranial injury and delayed caloric response on the 
opposite side. In this case there was also a petrous 
fracture and slight inner ear deafness. In contrast 
to these two, another case of brainstem lesion (40), 
without signs of damage to the ear, had a delayed 
caloric response on the same side as the hemi- 
paresis. In this case, however, the cranial injury 
was situated centrally, in the occipital region. A 
similar mechanism to that causing injury in (26) 
operated in ** slow motion ” in another case after a 
very trivial initial injury. 


(50) Bumped his head (R. vertex) on the door of his 
delivery van. Continued work and thought nothing of 
it (no headache or giddiness) till a few days later he 
began to get headaches. These continued intermittently, 
gradually getting worse, and 8 weeks after the injury he 
was admitted to hospital in semi-coma with unequal 
inactive pupils. Gradual recovery ensued after a R. 
subdural hematoma was drained. There was no skull 
fracture. One month after operation cold caloric tests 
were done. Brisk responses were obtained (nystagmus, 
past pointing, vertigo, pallor, and sweating were much 
more marked than usual) in 20 seconds from the R. ear 
and in | minute 40 seconds from the L. ear. He left 
hospital symptom free 6 weeks after operation, and 
returned to work 5 days later. There was never any 
complaint of giddiness. 


Here again the delayed response was on the side 
opposite to the site of cranial injury. The pupillary 
signs indicated the probability of compression of 
the brainstem from displacement by the hematoma. 
The quick recovery showed that this was not severe 
and the case has not been classed as one of brain- 
stem lesion. The others which were so classed, 
had more localizing signs. 

One case (5) was diagnosed as a brainstem lesion 
on account of a Horner’s syndrome and sensory 
loss over the upper trigeminal area, both on the 
side of cranial injury. The caloric response was 
more delayed on the opposite side. Vertigo per- 
sisted over 18 months. There was a history of 
severe initial injury in this case, with a post-traumatic 
amnesia 5 weeks, and subsequent epilepsy. Air 
encephalography showed generalized dilatation of 
the ventricles. 

Another case (6) had a severe initial brain injury 
with traumatic delirium 1 month and long period 
of disorientation and had severe progressive cere- 
bral atrophy shown by repeated air encephalograms. 
Here there were no abnormal focal signs in the 
C.N.S., and no fracture shown by X-ray. Vertigo 
was persistent. Caloric tests repeated 2 years after 
injury (S. S., Table I1) showed the responses, at 
first much delayed on the side opposite the scalp 
injury, to have become almost symmetrical. 

In both these last two cases there was slight inner 
ear deafness on the side of cranial injury. In both 
the cerebral atrophy as shown by ventricular dilata- 
tion was symmetrical. Asymmetry of caloric 
responses does not appear to be related to the 
generalized brain injury demonstrated by the 
symmetrically dilated ventricles of these two cases. 
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Gross abnormalities of the cold caloric responses 
occur in cases without inner ear deafness suggesting 
damage to the labyrinth. These abngrmalities are 
related very closely to the mechanism and effects of 
brain injury, in cases with or without vertigo as a 
symptom. Focal injury to the vestibular pathways 
in the brain appears probable in at least a propor- 
tion of cases, and especially in those with signs of 
brainstem involvement. From the mechanism of 
brain injury it appears probable that such focal 
lesions would occur in most cases on the side oppo- 
site to the cranial injury, as a result of rotational 
strain. To develop this latter hypothesis further, 
detailed investigation of the mechanism of injury 
would be needed in individual cases, e.g. as to 
whether the head was fixed or free to move at the 
time of injury. The relationship found, and dis- 
cussed earlier, between caloric responses and the 
site and type of cranial injury appears significant in 
this respect. 


FINDINGS FROM COLD CALORIC TESTS 


Three main types of abnormal cold caloric 
responses have been described in cases of head 
injury: (a) Asymmetrical and delayed. (b) Sym- 
metrical and delayed. (c) ‘‘ Central” abnor- 
malities, usually symmetrical, and sometimes with- 
out delay. In addition there was the general 
depression of responses associated with nearly all 
cases, i.e. diminished amplitude of induced nystag- 
mus and past pointing, and lessened susceptibility 
to falling, vertigo, pallor, sweating and nausea, as 
compared with the controls. 

The main features associated with delay in 
response were, in order: (a) Inner ear deafness. 
(6) Severity of injury—as determined by cranial 
trauma, cerebral trauma, clinical progress. 
(c) Site of cranial injury (temporal). (d) Type of 
cranial injury (closed). (e) History or presence of 
otitis media. The main features associated with 
asymmetry of response were: (a) Asymmetry of 
hearing (unilateral inner ear deafness). (5b) Asym- 
metry of cranial and cerebral injury. (c) Site of 
injury (temporal, lateral). (d) History or presence 
of otitis media. 

In many cases delay in response on one side was 
associated with brain injury on that side, or with 
inner ear deafness on the other side. ‘‘ Central ” 
and symmetrical responses were associated with: 
(a) Occipital or temporal injuries. (5) Midline 
cranial injuries. (c) Bilateral injuries or pathology 
(e.g. deafness or otitis media). (d) Brainstem 
injuries. A relationship between caloric abnor- 
malities and duration of vertigo as a symptom 
was recognizable, though much modified by the 
above factors. 


Vestibular Tests (Second Series) 14 Cases 


Hallpike (1944) has emphasized the desirability 
of doing both hot and cold caloric tests in an 
investigation of this sort. In tests done with the 
patient lying supine and the head flexed 30°, the 


external semicircular canals then being vertical and 
in optimal position for thermal stimulation, de. 
pression of responses to both hot and cold irrigation 
occurs on the side of an external canal lesion, but 
with lesions of the utricle or the temporal lobe 
responses to hot and cold stimulation do not corre. 
spond in each ear. This is due to the phenomenon 
of ** directional preponderance ” of the nystagmus 
(Hallpike et al., 1942, 1943). With directional pre- 
ponderance to the L., caused by R. utricular paresis 
or a lesion of the L. temporal lobe, the response of 
the L. ear to cold irrigation is depressed, and to 
hot irrigation is relatively more sensitive. At the 
same time the response of the R. ear is depressed 
with hot and more sensitive with cold stimulation, 
Thus a depressed cold caloric response may indicate 
a canal paresis of that side or a utricular lesion of 
the opposite ear, depending on whether the hot 
caloric response is depressed on the same or oppo- 
site side. In the latter case it might also be due 
to a lesion of the temporal lobe on the side of the 
depressed cold response, or perhaps to a lesion on 
the pathway between utricle and temporal lobe, 
e.g. in the brainstem. Combinations of these 
lesions may occur giving mixed patterns of canal 
and utricular pareses. These may result from 
purely peripheral lesions of the labyrinths as in 
cases of Meniére’s disease (Hallpike, 1943). Pre- 
sumably a canal paresis could also be combined 
with directional preponderance due to a temporal 
lobe lesion. In view of these considerations further 
tests by the method of hot and cold stimulation in 
the supine position as described by Fitzgerald and 
Hallpike (1942) were done in 14 cases of head injury. 
For the purpose of checking, these cases were also 
tested by the original cold caloric method in the 
sitting position in most cases. In all these, delay 
in the cold caloric response from one ear as found 
with the first method always corresponded with a 
depression of the cold response in the same ear by 
the second method. 

Results of Caloric Tests (Hot and Cold) (Table V). 
—Twelve cases showed abnormal responses. Of 
these, the patterns indicated: canal paresis alone 
in three cases, directional preponderance alone in 
four cases, combined lesions in five cases. Of the 
combined lesions, four were of ** uncrossed ” type, 
i.e. they could be explained by utricle and canal 
pareses affecting the same ear. It is to be noted 
that combined lesions of ** uncrossed””’ type may 
give approximately equal cold responses from each 
ear (e.g. R. H., L. L., and cf. Cawthorne, Fitzgerald, 
and Hallpike, 1942; Hallpike, 1943). One case 
(W. C.) gave a “‘crossed”’ pattern, i.e. L. canal 
paresis with a possible R. utricular paresis. 


Analysis of Results (Second Series) 


Relation of Responses (Hot and Cold) to Vertigo. 
—No immediate relationship appeared between the 
abnormal responses and the presence or absence of 
a history of vertigo (vertigo present in seven cases, 
giddiness in four others). 
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TABLE V.—CALORIC RESPONSES IN RELATION TO INJURY, DEAFNESS, AND VERTIGO (SECOND SERIES) 
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Site and — Duration: Petes 1g Caloric responses (2nd method) 
Sat vertigo or 
type of injury | deaf- = a as Nystagmus cio 
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petrous 2 years R. 300 30° C. < 
fracture (ceased) yee A 55 
if Sey pee 105 
| 44° C.< " = wy 
ese. peer A 
| R. canal paresis 
ar a Ae G L.120 L nil 
| occipital 2 years R. 30 30° C.< 
| laceration LR Sr age ara pn rea A 110 
( nil 
44° C.- 
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L. canal paresis 
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* Included in Ist series. 
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TABLE V.—CALORIC RESPONSES IN RELATION TO INJURY, DEAFNESS, AND VERTIGO (SECOND SERIES)— Continued 
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Relation of Responses (Hot and Cold) to side of 
Cranial Injury—Canal paresis was present four 
times on same side as cranial injury and three times 
on opposite side to cranial injury. Directional 
preponderance was in two instances on the side of 
cranial injury (W. C. penetrating wound occiput, 
E. L. penetrating wound vertex), in seven instances 
to side opposite cranial injury (including P. R., a 
penetrating wound occipito-temporal region, and 
healed labyrinthitis). In one case the site of 
cranial injury was not localized. 


R. H. fell 9 ft. out of a bunk and was unconscious 
12 hours. There was no skull fracture and no obvious 


scalp injury. There was nystagmus and giddiness on 
lateral ocular deviation but no other abnormal C.N.S. 
signs. Air encephalogram was normal. Epilepsy in 
the form of fits which began with a sense of subjective 
rotation persisted while under observation for over 
3 years. EEG showed a grossly abnormal discharge 
in the L. temporo-occipital region. 


It may be that in this case epilepsy was the cause 
of the fall rather than vice versa, but it has been 
included in the series because of the EEG and 
the resemblance to cases of focal cerebral injury to 
be described later (see Table XI). 

Relation of Responses (Hot and Cold) to Inner Ear 
Deafness (Eight Cases).—There were four cases o! 
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canai paresis on the side of a deaf ear, though in 
one (V. T.) of bilateral deafness the opposite ear 
was deafer. In four cases canal paresis appeared 
to be present without deafness. Five cases showed 
directional preponderance to the side opposite the 
worse hearing ear. (This might be due to a 
utricular lesion of the deaf ear, or to a lesion of the 
opposite temporal lobe.) Two cases showed 
directional preponderance to the side of deafness. 
(Theoretically this could mean a utricular lesion of 
the opposite ear, or a lesion of the temporal lobe 
on the side of deafness. As both, W. C. and E. L., 
had severe open brain wounds on the side of the 
deafness an hypothesis of causation by brain injury 
would be more consistent.) 

Findings from Caloric (Hot and Cold) Testing.— 
The varying patterns of response in this series show 
that a number of vestibular disorders may be 
present after head injury. In particular, nine cases 
showed directional preponderance and in all but 
two (W. C. and E. L., both with deeply penetrating 
brain injuries) this was to the side opposite the 
cranial injury, where this was localized. The 
response indicative of canal paresis showed no such 
constancy. Most canal pareses appeared to be on 
the side of deafness if this were present, but the 
cases are too few to draw conclusions. As in the 
first series, there was no absolute relationship 
between the abnormal responses and the presence 
of giddiness as a symptom. 


Discussion: Comparison of Methods and Results 
in the First and Second Series of Tests 


As may be seen from Table V, a delayed cold 
caloric response by the first method of testing may 
coincide with a canal paresis of that side or a 
utricular paresis (giving directional preponderance) 
of the other side, as indicated by responses with the 
second method. 

It is reasonable to expect, for anatomical reasons, 
that the first method of testing, with the patient 
sitting and head inclined 30° forwards, is mainly 
one of utricular function, modified perhaps by 
vertical canal function, whereas the second method 
was deliberately designed to test the function of the 
external canal which may be modified by disorder 
of utricular function. This hypothesis provides 
some explanation for the apparently anomalous 
results of testing by both methods of two cases 
described below. 


P. R. Penetrating wound through sub-occipital region 
and outer part of cerebellum. Bullet lodged with tip 
resting in R. mastoid antrum. Unconscious 2 days. 
Rotatory vertigo lasting under 3 months. Infective 
labyrinthitis during this time recovered with chemo- 
therapy. Symptom free at the time of testing, 34 months 
alter injury, except for tinnitus and almost complete 
inner ear deafness. Cold caloric tests by the first method 
gave responses in 2 minutes 50 seconds on the L., and 
45 seconds on the R. The second test gave a slight 
indication of directional preponderance to the L. 


Here the clinical data clearly indicated a lesion of 
‘ie R. labyrinth, so the well-marked delay of the L. 
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cold caloric response in the sitting position may be 
an indication of a lesion of the R. utricle, by virtue 
of the phenomenon of directional preponderance 
(Hallpike, 1943). The second test using hot and 
cold stimuli in the supine position showed only a 
minimal directional preponderance to the L., 
indicating a slight R. utricular paresis. This could 
be caused by a residual lesion of the R. utricle. It 
appears that either the second test exhibits a much 
lesser sensitivity to utricular lesions than the first, 
or that the R. utricle recovered in this case in spite 
of cochlear destruction, and the first test indicates 
some other lesion, e.g. brain injury. 


R. B. Penetrating wound R. temporal fossa with 
bullet lodging in the postero-inferior portion of the R. 
temporal lobe just above the floor of the middle fossa. 
Bleeding from the ear, but the fracture did not extend 
into the petrous. There was only a momentary loss of 
consciousness though memory appeared to be vague for 
some weeks. He had severe dysphasia. Vertigo—a 
feeling of rising off the ground—lasted for six weeks and 
was not present at the time of the test, 2} months after 
injury. There was no deafness at this time. Caloric 
testing by the first method showed gross delay in 
responses (3 minutes R., 4 minutes L.). The second 
group of tests appeared to indicate a L. canal paresis. 
Though there was minimal impairment of duration of 
nystagmus, its amplitude was very much smaller with 
both hot and cold irrigation on the L. side. 


There was no clinical evidence of a lesion of the 
L. ear to account for a canal paresis in this case. 
Delay in the cold response on the R. side by the 
first method might be due to the R. temporal lobe 
lesion giving a L. utricular paresis. However, the 
greater delay on the L. should really indicate R. 
utricular paresis (cf. P. R.), which might be due to 
a lesion of the R. labyrinth—there was some bleeding 
from the ear, but no deafness or petrous fracture— 
or a lesion of the L. temporal lobe or its connec- 
tions. The latter was possible in this case as the 
patient was a R. handed man with dysphasia and 
at one time had a R. lower facial weakness. Bi- 
lateral brain injury may have confused the issue. 
The second test did not give any indication of 
utricular paresis, being near normal except for poor 
amplitude of nystagmus induced by stimulation of 
the L. ear with both hot and cold stimuli. (cf. J. S., 
P. R., W. C., Table V, where small amplitude 
responses occurred on the side of deafness). This 
remains unexplained—unless it is here a manifesta- 
tion of vestibular paresis caused by a temporal lobe 
lesion. If so it would be a serious error in the 
interpretation of these tests to take such a finding 
as necessarily indicative of a peripheral lesion of 
the external semicircular canal. The nature of the 
spontaneous vertigo, which consisted of a hallucina- 
tion of movement in a vertical direction, is another 
unusual feature of this case. 

These two cases emphasize that results of tests 
done with the external semicircular canals placed 
horizontally and vertically are not strictly compar- 
able. Also with the much colder irrigating fluid 
used in the first series of cases more spread of 
stimulus may result. Thus, although the utricle 
may be chiefly affected, the vertical canals may also 
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be stimulated by a flow of endolymph, or vasomotor 
reflexes may be excited. 

The most frequent findings in each series of tests 
were: (a) Delay in the cold caloric response on 
the side opposite the cranial injury (first method). 
(b) Directional preponderance to the side opposite 
the cranial injury (second method). 

It appears significant that two cases (W. C. and 
E. L.) found to be exceptions to the general finding 
in the first series were also the exceptions in the 
second series. These were both cases with severe 
penetrating wounds near the midline and inner ear 
deafness on the same side. In each the side of 
deafness was in the same relation to the side of 
cranial injury as with the other cases (mostly of 
closed injury), but the maximum brain injury was 
probably not, for reasons discussed earlier in con- 
nection with the effects of rotational stress. It 
appears that, in at least these two cases, brain 
injury may predominate in determining the type of 
caloric response. 

In the majority of cases which followed the general 
rule in either series, the findings may be explained 
by utricular paresis on the side of cranial injury. 
This may be caused by a labyrinth lesion on that 
side, a lesion which appeared probable in cases 
with inner ear deafness, or by a lesion of the tem- 
poral lobe or presumably of its connections in the 
brainstem, on the opposite side (cf. Fitzgerald and 
Hallpike, 1942). The side of the brain, including 
the temporal lobe and its proximal connections, 
opposite the cranial injury is probably the more 
affected by rotational strain in most closed injuries 
of any severity. The effect of infratentorial strains 
on the lower vestibular pathways and centres in 
the medulla may differ from such effects in the 
midbrain and cerebrum, but an hypothesis of injury 
to the vestibular pathways, which cross the midline 
in the brainstem, provides adequate explanation for 
caloric abnormalities where there is no inner ear 
deafness, i.e. no independent evidence of labyrinth 
injury. In cases with labyrinth injury, utricular 
paresis effects from central (brain) and peripheral 
(labyrinth) lesions may be summated. 

Cawthorne, Fitzgerald, and Hallpike (1942) state 
that directional preponderance caused by temporal 
lobe lesions (e.g. tumours) was slight compared 
with the effects of labyrinth lesions as in Meniére’s 
disease. This may account for the greater cold 
caloric abnormalities in cases with inner ear deaf- 
ness, but tests done as in the first series will tend to 
emphasize utricular effects, and greater degrees of 
directional preponderance may be expected, from 
whatever cause. Also a finding of only slight 
divergencies from normal with temporal lobe 
lesions may not hold for brainstem lesions. As 
mentioned earlier, combined lesions of the un- 
crossed type, i.e. canal and utricular paresis affecting 
the same ear, may give equal cold caloric response 
from each side. They could be caused by com- 
bined lesions of canal and utricle in the same 
labyrinth (Hallpike, 1943), or presumably by a 
moderate canal lesion plus a severe lesion of the 


vestibular connections in the brain. 


The latter 
might be the explanation for such patterns as jp 
the cases R. H., L. I. (Table V), though the absence 
of deafness in these two cases raises the question 
again as to whether ‘canal paresis” effects may 
not also be sometimes solely the result of brain 


injury (cf. R. B., C. N.). Some such hypothesis of 
combined lesions, however, might explain sym. 
metrical delay in cold caloric responses found in 
some of the first series of cases, where neither aural 
nor cerebral injury appeared symmetrical. 


General Conclusions from Vestibular Tests 


Disorder of vestibular function is present in a 
very large proportion of cases of head injury, with 
or without clinical evidence of focal lesions on or 
near the vestibular pathway from labyrinth to 
temporal lobe. Cases with vertigo as a symptom 
have a higher manifest incidence of such lesions, 
and in general show greater abnormalities of the 
vestibular responses. These abnormalities bear a 
very close relationship both to trauma of the laby- 
rinth and to trauma of the brain, the two lesions 
being of varying significance, and indistinguishable 
when using times of nystagmus responses to caloric 
stimulation as the sole criterion. 

The precise relationship between vestibular dis- 
order and the symptom of vertigo, or giddiness in 
general, remains obscure, because grossly abnormal 
reactions are found without any history of giddiness 
in some cases. Considering the nature of the test, 
however, and the principal criteria used (nystagmus 
responses), there is no more reason to consider 
this anomalous than that abnormal pupil reactions 
should not be always accompanied by subjective 
visual defects, or that paresis in other sites should 
occur without paresthesia. Brock (1938), referring 
to caloric responses in cases with brain lesions, 
states “‘the absence of induced nystagmus only, 
means a lesion in the posterior longitudinal fasci- 
culus”’. The diminution of the induced vertigo 
may be more closely related to post-traumatic 
giddiness, but being a subjective sensation liable to 
psychic modification it does not lend itself to 
precise measurement. 

One interesting result of this investigation was 
the finding of gross vestibular abnormalities per- 
sisting years after injury, though there did appear 
to be some lessening of these with time. Though 
most of the initial tests were done about the same 
stage of convalescence, such modification was not 
taken into account and might help to explain the 
imperfection of the relationships which were found. 

Utricular paresis, resulting from damage to the 
connections of the temporal lobe opposite the side 
of cranial injury, might account for the commonest 
findings in both series of vestibular tests described 
here. This, with the findings in relation to the site 
and type of cranial injury and focal brain lesions, 
particularly such brainstem lesions as analysed in the 
first series of cases, strongly suggests that rotational 
strains of the brainstem are of prime importance in 
causing post-traumatic disorder of vestibular function. 
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Clinical Features of Post-Traumatic Giddiness 


A personal study has been made of 449 con- 
secutive cases of head injury of all kinds, including 
50 cases described in the first series of vestibular 
tests, excluding only simple scalp wounds with no 
evidence of cerebral concussion or contusion. 
Cases in which, at any time following injury, there 
was a complaint of any sort of giddiness have been 
recorded, the number being 133, or 30 per cent. of 
the total. The figure should doubtless be higher 
than this, as in the earliest cases particular note was 
not always taken and the follow-up was not so 
complete. Also, as sometimes was_ recorded, 
patients may have experienced the symptom soon 
after injury, only to have amnesia or imperfect 
recollection for that period later. Naturally, 
patients reviewed here varied in ability to give a 
clear description of their symptom. A surprising 
number spontaneously gave a clear description of 
hallucination of movement, usually of rotation, 
either of the patient himself or of external sur- 
roundings. Some gave such a description only 
when asked to define their giddiness. Care was 
taken not to suggest this definition, however, and 
in no case reported was it given in answer to a 
direct inquiry as to whether there seemed to be 
rotation or other movement. 

Cases with complaint of hallucination of move- 
ment (of self or surroundings) are classed as having 
vertigo. The total number of such cases was 67, 
or 15 per cent. of all head injuries. This compares 
with a figure of 8 per cent. quoted by Symonds 
(1942) who said that ‘‘ we may assume that vertigo 
in the true sense is evidence of damage to the vesti- 
bular sense organ or its central connections”’. He 
also drew attention to the presence of tinnitus and 
deafness or bleeding from the external acoustic 
meatus in such cases as suggesting labyrinthine 
damage, and diplopia and nystagmus as indicating 
the probability of a brainstem injury. Only cases 
giving a clear description of movement are classified 
here as having vertigo, those complaining only of 
“a swimming feeling” or of “* feeling unsteady as 
if | might fall *’, being excluded from this group. 
A few cases, where giddiness although not in- 
volving hallucination of movement, was brought on 
only by a movement in one direction, are also 
excluded from the classification of vertigo, though 
such orientation appears significant. 


With hallucination of movement: 67 cases 
Subjective .. — 
a Objective i a. ae 
Rotatory Subjective and objec- 
tive .. = 9 
Non-rotatory 8 
Without hallucination of movement: 66 cases 


Unsteadiness with ssid in 


posture .. . & 
Visual impairment only . ~ = 
Unsteady gait, falling, only 3 
Unspecified (mostly minor cases) 11 


TABLE VI.—TyYPEs OF POST-TRAUMATIC GIDDINESS 
(133 cases) 


Table VI shows the incidence of specific types of 
complaint included by patients under the term 
** giddiness ’’. Most of those without hallucination 
of movement complained of a sensation of unsteadi- 
ness associated with alteration in posture. In 
nearly all these cases the symptom was of minor 
degree, not to be compared with the severity of the 
worse cases of vertigo. A small group complained 
only of blurring of vision or temporary “ black- 
outs”’; three complained of unsteady gait and 
tendency to fall without hallucination of movement 
or relation to change in posture; and in eleven the 
nature of the symptom was unspecified—in these 
cases the symptom was a very minor one, and noted 
once only, or for a very limited time in the early 
stages of convalescence or at the follow-up clinic. 





Time of onset 





Less | 








Cases 
than 1 day Later 
| 1 day to than 
| after 1 week | 1 week 
| injury 
Vertigo (58 cases) | 24 15 19 
Other types of giddiness | 
(50 cases) ae 6 11 33 











Time of cessation 








Cases as 
Under Over 
3 months | 3 months 
Vertigo (64 cases) 30 34 
Other types of giddiness 
(50 cases) - | 39 11 





TABLE VII.—TiME RELATIONS OF SYMPTOM 


Table VII shows that vertigo, as defined above 
for the purposes of this study, i.e. giddiness with 
hallucination of movement, generally appeared at 
an early stage after injury. Often it occurred 
immediately, or on regaining consciousness. Some- 
times it appeared spontaneously and often was 
brought on by lifting the head or turning over in 
bed. Turning in one direction was sometimes a 
more adequate stimulus. Later it might recur or 
become exacerbated on sitting up, getting out of 
bed, with exercise, increased activity after leaving 
hospital or return to work. The symptom usually 
became less troublesome but in most cases (Table 
VII) lasted over 3 months, and might continue for 
years. Stooping or turning over in bed were 
especially liable to induce it. Sometimes a loud 
noise would act as a stimulus. In the later stages 
the complaint usually became periodic and hallu- 
cination of movement less evident, though it per- 
sisted in some, especially those with local injury or 
infection of the ear, and some with injuries of the 
cerebral cortex. 
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In marked contrast to vertigo, other types of 
giddiness had an early onset in few cases (Table 
VII). In most it first appeared on getting up, and 
in many this was the only time of complaint. In 
some it occurred later with change in posture, 
stooping, more often in getting up from a stooping 
posture, or with increased activity. In a few cases 
where giddiness was related to change in posture, it 
was more severe and long lasting after a prolonged 
stay in bed, with increasing age, and raised blood 
pressure. In the great majority of this group the 
symptom had ceased in less than 3 months after 
injury (Table VID). The minor nature of the com- 
plaint was particularly constant and conspicuous in 
those cases without signs or symptoms suggesting 
peripheral aural damage (bleeding from the ear, 
tinnitus, and deafness) or involvement of the central 











vestibular connections (nystagmus, diplopia, or 
blurring of vision). 

lal cases with | Cases with 

| giddiness vertigo 

Site Total | 
cases a - 4 <a 

| | Per Per 

| No. | cent. | No. | cent. 

| | } | 
All sites 449 | 133 | 30 | 67 | 15 
Frontal — oe} mL ee i CF 
Vertex. . os SS.) 2) ey; 
Parietal ‘a 61 | 12 | 20] 8 | 13 
Occipital 64 | 33 | Si | 18 28 
Temporal <7 7 imitate 32 


Unspecified kl ja tei 6 (6F 





TABLE VIII.—INCIDENCE OF SYMPTOM OF GIDDINESS, AND 
OF VERTIGO, IN RELATION TO SITE OF CRANIAL INJURY 
(Indicated by scalp injury if no fracture) 


Relation of Giddiness to Site of Cranial Injury 
(Table VIII).—The table illustrates the high inci- 
dence of vertigo in temporal and occipital injuries. 
The greater incidence also applied to cases of giddi- 
ness not classified as vertigo, more so with occipital 
injuries. There were 20 cases in the whole series 
with fracture of the petrous bone proved by X-ray 
or autopsy. Of the 18 survivors, 11 complained of 
giddiness (classified as vertigo in 8 cases). Of the 
7 cases without giddiness, 5 had a leak of C.S.F. 
from the ear, while only 3 with giddiness had 
C.S.F. leak. This might be due to the type of 
fracture or to the relief of intracranial pressure, 
cf. low incidence of giddiness after open head 
injuries. Of 12 patients with a facial nerve lesion, 
10 complained of giddiness, only 4 of whom were 
classified as having vertigo. 

The site of cranial injury may affect the location 
and severity of vestibular lesions in two ways: by 
conduction of force to the labyrinth or by damage 
to underlying brain, directly or by “‘ contre-coup ” 
(see earlier discussion on the effects of rotational! 
stress). Injuries of the ear have been discussed by 
Colledge (1940). He quoted experimental and 
pathological findings in closed head injuries. The 
principal findings of injury to the labyrinth without 
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fracture were hemorrhages in the neighbou ‘hood 
of the round window and the first turn of the 
cochlea. Of petrous bone fractures there are foy; 
main types, longitudinal, transverse, oblique, ang 
microscopical, involving the labyrinth capsule. The 
longitudinal is the most common, and with this one 
the middle ear is always involved, usually with 
rupture of the tympanic membrane, but the laby. 
rinth escapes. 





—$—__ 


| am 
| —* Cases with 
Type of =| Total giddiness | a 
cranial injury cases ‘ 
No Per No Per 
“| cent * | Cent. 
_ Et Wen aoe peneeemeenemem —_ — 
All types 449 | 133 | 30 | 67 15 


Closed injuries, | 
without frac- 
ture — | 

Closed injuries, | 
with fracture 

Open injuries, 
without dural 
penetration 

Open injuries, | 
with dural | 
penetration 47 10 22 6 12 





TABLE IX.—INCIDENCE OF SYMPTOM OF GIDDINESS, AND 
OF VERTIGO, IN RELATION TO TYPE OF CRANIAL INJURY 


Relation of Giddiness to Type of Cranial Injury 
(Table 1X).—Table IX shows that the highest inci- 
dence of giddiness (and vertigo) was in closed 
injuries without fracture, and the lowest in open 
injuries, especially those without penetration of 
dura. These figures are very striking if it is borne 
in mind that it is the latter which are caused by the 
more violent blows. It appears that diffuse rather 
than localized trauma and absence of solution of 
continuity of the skull are factors which favour the 
development of the symptom. This might be ex- 
plained on a basis of greater general momentary 
deformation of the skull, with more widespread 
conduction of force, directly through the bone to 
the labyrinths, and directly or by the effect of 
rotational stress to the brain. 

The higher incidence of the symptom in open 
injuries with penetration of dura as compared to 
open injuries without penetration may be partly 
related to the greater general trauma inflicted, but 
as will be shown later (Table XI) is much more 
certainly related to focal brain damage in particular 
cases. 

Relation of Giddiness to Symptoms and Signs 
suggesting Peripheral or Central Lesions of the 
Vestibular System (Table X).—Table X shows that 
all the listed symptoms and signs are associated with 
a higher incidence of giddiness, the lowest being 
with bleeding from the ear, which in itself indicates 
only external or middle ear damage. The per- 
centage of cases having giddiness without such 
symptoms and signs is very low. 


In | 
criter! 
were | 


some 
highe! 
tincti 
and — 
were 
distir 
deaf 
sivel! 


_ 


he 











‘hood 
f the 
four 
, and 
The 
S One 
With 
laby. 


vith 


tN 


\ND 
RY 


ary 
Ci- 
ed 
en 





INVESTIGATION OF VESTIBULAR 


In testing hearing in general, ordinary clinical 
criteria only (whisper and one tuning fork C256) 
were used. Doubtless, therefore, the incidence of 
some degree of deafness after head injury is much 
higher than these figures suggest. Also, a dis- 
tinction was not generally made between middle 
and inner ear deafness. In the 50 cases which 
were taken for the first series of caloric tests, this 
distinction was made and demonstrable inner ear 
deafness was found to be associated almost exclu- 
sively with a complaint of giddiness. 





All cases 





| . | Cases with 
¥ | | _ with | —- vertigo 
Signs of Total | giddiness | 
head injury | cases | SS a 7 
| | 
| | | Per | | Per 
| | =. | cent. | oe. cent 
Allheadinjuries| 449 | 133 | 30 67 | 15 
With bleeding | 
external audi- | 
tory meatus | 65 31 45 18 26 
With acoustic | | 
symptoms | | 
(tinnitus and/ | | 
or deafness) | | | 
from injury 57 37 65 | 22 37 
With acoustic | | 
symptoms | | | 
present before | 
injury wi 21 9 43 7 33 
With = sponta- | | 
neous nystag- | | 
mus 4 59 37 | 63 27 | 44 
With visual | 
symptoms 
(diplopia or | | 
blurred visi 2n) | 46 | 32 | 70 19 46 
Without any of | 
preceding | 
signs or | | 
symptoms .. | 292 | 47 | 17 21 7 


| | | 





TABLE X.—INCIDENCE OF SYMPTOM OF GIDDINESS, AND 
OF VERTIGO, IN CASES WITH SYMPTOMS AND SIGNS 


SUGGESTING PERIPHERAL (AURAL) OR CENTRAL 
(e.g. BRAINSTEM) LESIONS OF THE VESTIBULAR 
SYSTEM 


Frey (1940) found in cases of “* tangential injury ” 
from a bullet or shell fragment, that there was 
always a lesion of the internal ear if the fragment 
had touched bone. Grove (1928) reviews German 
authorities who describe pathological changes of 
the labyrinth in patients dying years after head 
injury. Such changes were atrophy of nerve fibres 
and complete or partial filling of the inner ear 
spaces and canals with hyaline connective tissue 
and bone. In experimental animals degenerative 
changes were also seen in the eighth nerve nuclei. 
Colledge (1940) quoted experiments by Stenger, 
who subjected rats to blows on the head. In those 
animals in which there was no fracture there was 
hemorrhage in the neighbourhood of the round 
window and cochlea, and in the more severe cases 
also in the ampulla and between the fibres of the 
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acoustic nerve. Both Watkyn-Thomas and Colledge 
(1940) commented on progressive deafness with 
labyrinth lesions in concussion. 

Relation of Giddiness to Middle Ear Lesions in 
Head Injury.—As Table X suggests, and as is cor- 
roborated by the detailed study of 50 cases (Table I), 
middle ear lesions, e.g. with ruptured tympanic 
membrane and bleeding, are by no means invariably 
associated with giddiness, or with blast injuries or 
fracture of the base of the skull. On the other hand, 
it has been found where note has been made, that 
bleeding from the ear occurs regularly on the side 
of cranial injury, whether closed or open. This 
suggests that conduction of force (and ? associated 
deformation) through the bone of the skull is an 
important factor in its causation. Though no 
figures have been collected, it has been noticed that 
even where there has been no bleeding from the 
ear, many cases show congestion in the region of 
Shrapnell’s membrane in the first days after head 
injury. At a later stage an undue proportion, 
especially with a history of severe cerebral contu- 
sion, show opacity, scarring, and deformation of 
the tympanic membrane on the side of cranial 
injury, even where there have been no aural 
symptoms or bleeding from the ear, and there is no 
deafness by ordinary clinical tests. 

There were nine cases in the whole series with 
mastoiditis. Of these, seven had well-marked 
vertigo and included the most severe degrees of 
hallucination of movement encountered. Four of 
these cases had developed gross chronic mastoiditis 
that had been overlooked or neglected for varying 
periods of time up to 2 years after injury. On 
account of their symptoms, mainly headache and 
vertigo, they had been persistently diagnosed from 
an early stage as psychiatric disorders. The psycho- 
logical results of this were deplorable. All four 
cases improved greatly physically and mentally 
following radical mastoidectomy. One other patient 
who had acute mastoiditis supervening on injury 
with fractured petrous bone, severe vertigo, and 
gross disturbance of equilibrium unrelieved by 
mastoidectomy 5 weeks after injury, appeared to 
have a considerable psychopathic overlay added to 
his organic symptoms. Four cases of mastoiditis 
with head injury escaped a diagnosis of psychiatric 
disorder. One (P. R., Table IA) was a soldier who 
had a bullet lodging in the petrous bone with subse- 
quent signs of suppurative labyrinthitis which 
resolved following intensive sulphonamide therapy. 
Vertigo ceased after 3 months, but severe inner ear 
deafness remained. Another case, a man of 
70 years, with blood pressure 190/80, was admitted 
to hospital after falling in a state of acute alcoholism. 
There was a discharge of blood and C.S.F. from the 
external auditory meatus which was full of pus 
and polypi, indicating chronic mastoiditis. There 
was complete inner ear deafness. No headache or 
vertigo ensued, before or after mastoidectomy, and 
the patient insisted on returning to work, manual 
labour, 5 weeks after injury. This patient pre- 
sumably had a labyrinth already dead, and therefore 
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immune to further disturbance of function. One 
case developed acute mastoiditis a few days after 
injury but it quickly subsided after operation with- 
out any giddiness. The remaining case with 
mastoiditis is particularly interesting in view of his 
progress. 

N. O. Frontal injury. Unconscious a few minutes 
with amnesia of a few hours. No bleeding from the 
ear. Headache lasted only one day. Attacks of severe 
rotatory vertigo began the first day and persisted over a 
year. Otorrhoea began 6 months after injury. Mastoid- 
ectomy was performed 6 months later, after which the 
vertigo began to improve. 

An insidious onset of infection as in this case 
may explain the neglect and inadequate assessment 
of the first four cases of post-traumatic chronic 
mastoiditis described above. 

There were four cases of acute suppurative otitis 
media, supervening on injury. Two had vertigo of 
moderate degree, and all resolved uneventfully. Of 
five cases with pre-existing chronic suppurative 
Otitis media, only one had giddiness (a swimming 
feeling on stooping). In none were the effects of 
brain injury severe. There was one case diagnosed 
as acute catarrhal otitis media. 

F. L. (Table IA). R. parietal contusion. Moist run- 
ning feeling in the L. ear from the time of injury, with 
minimal L. tympanic congestion. Left hospital in 
2 weeks but returned a month later complaining of 
vertigo and falling. There was now severe bilateral 
middle ear deafness, bulging and opacity of both 
tympanic membranes. Further convalescence was slow. 

There was one case diagnosed as chronic catarrhal 
otitis media, though for reasons mentioned at the 
beginning of this section, the importance of trauma 
in causation may have been paramount. 

A. Wt. (Table IB). Three years before admission to 
the neurosurgical centre, this soldier, who was a cham- 
pion boxer and had done much swimming, had a head 
injury with bleeding L. ear in a car accident. There was 
a fracture of the L. petrous bone shown in X-ray. Since 
that time he had suffered with giddiness (‘* things move 
from side to side and go black ’’) which had become 
much worse after recent exposure to gunfire at an A.A. 
post. There was spontaneous nystagmus to the R., 
scarring and gross indrawing of both tympanic mem- 
branes, blocked eustachian tubes, bilateral middle, and 
L. inner ear, deafness. BP 170/110. Cold caloric tests 
were done, and though quite good nystagmus responses 
were obtained in 80 seconds and 60 seconds from R. 
and L. ears no past pointing or vertigo could be induced 
with further irrigation for 4 minutes, with head forward 
or back. His general attitude was one of mental 
depression, and he was sent on to a psychiatric centre 
as a case of anxiety neurosis. 

Though other factors (infective, psychogenic) may 
also have been present here, objective signs of 
organic disorder suggested that physical trauma had 
been of first importance. 

Relation of Giddiness to Focal Brain Injury.—In 
the section dealing with the relation of cold caloric 
tests to brain injury, among the 50 cases studied in 

detail have been mentioned some cases with a 
syndrome of brainstem lesion and one with gross 
cerebellar contusion, all of whom showed gross 
abnormalities of the past pointing responses. One 
case of brainstem contusion (J. T., Table IA) pre- 
viously described in detail, had severe rotatory 
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vertigo immediately following injury but noi afte; 
the first day. Another (V.T., Table Ia), who algo 
had local trauma and infection of the ear, haq 
rotatory vertigo only during convalescence though 
some giddiness persisted for 2 years. Another 
(F. P., Table IA), following a severe injury (post. 
traumatic amnesia 5 weeks), had rotatory Vertigo 
for over 18 months. The fourth case (J. K, 
Table Is) had no giddiness. Two more cases with 
similar well-marked syndromes of brainstem cop- 
tusion were noted in the total series. One during 
convalescence, while going upstairs, felt giddy “ as 
if things were coming towards me ”’ and also com. 
ylained of misty vision and dizziness (a *‘ swim. 
ming” feeling). The other after an apparently 
minor injury, without unconsciousness or amnesia, 
complained of immediate dizziness with headache, 
vomiting, and subsequent unsteadiness, but only 
7 months later developed a severe attack of rotatory 
vertigo with falling. 

In this small series, severe brainstem contusion 
was usually, though not always, followed by vertigo, 
Many other cases with giddiness or vertigo had 
nystagmus or ocular palsy with diplopia or blurred 
vision which might have resulted from brainstem 
damage. It is worth noting that the first and last 
cases mentioned here both had severe symptoms 
immediately following what appeared to be minor 
injuries without loss of consciousness, and no 
evidence of aural damage. Such cases should be 
compared with brainstem lesions from other causes, 
e.g. tumours or disseminated sclerosis which may 
be accompanied by the most severe vertigo, pre- 
sumably by interference with the vestibular pathways. 

The case of cerebellar and occipital contusion 
was in some respects the worst of the whole series. 


J. C. (Table IA) man of 60 years. In June 1941 a 
concrete slab fell on the back of his head. Unconscious 
2 hours, post-traumatic amnesia 3 to 4 weeks. Extensive 
closed comminuted fracture of the occipital bone. On 
recovery of consciousness he appeared to be blind. The 
R. pupil was large with sluggish reaction to light, and 
the L. small with brisk reaction. Nystagmus on looking 
to R. L. external rectus weakness. Extensor plantar 
responses. Two weeks later there was perception of 
light, and vision gradually improved to 6/6 2 months 
after injury with full visual fields. There was severe 
headache in the early stages, and rotatory vertigo. He 
was up 3 months after injury and left hospital a month 
later, though with a most unsteady gait. He continued 
to complain of severe giddiness, which kept him from 
returning to work. In June 1943, he still walked with 
an extremely slow, wide and cautious gait, with occa- 
sional lurching, and painstaking stopping, starting, and 
turning. There was only slight ataxia by the finger- 
nose test. Nystagmus was present, more on looking to 
the R. than tothe L. He gave a very unsteady Romberg 
test. He stated that though he had had some rotatory 
vertigo recently, generally it just consisted of a feeling 
of unsteadiness if he turned his head, or altered posture 
quickly. 

Repetition of tests at this time showed an increasing 
inner ear deafness, affecting principally high tones (a 
little more on the R.). Cold caloric tests (see Table I!) 
showed only slight delay in nystagmus response (less 
than by the original test), which was of good amplitude, 
but horizontal instead of rotatory with the head 30 
forwards. There was gross deficiency of past pointing 
responses, and induced vertigo of moderate degree. 
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It was suggested at a neurosurgical meeting that 
he might have a vermis contusion. Though the 
disorder of equilibrium in this case was very severe, 
the actual sensation of vertigo was not in proportion 
to the rest ot the syndrome. 

Table XI includes all the cases of open cerebral 
injury with a complaint of giddiness, in approxi- 
mately the order of severity of the symptom. The 
first case (C. C., Table IB) has already been men- 
tioned in dealing with open injury cases having 
asymmetrical caloric responses. The mechanism of 
injury—by repeated hammer blows—was com- 
parable to that of closed injuries, and the cortical 
damage was very slight. Giddiness was for 3 days 
only on sitting up. In the next (R. Ms.) cortical 
damage was also slight and although the duration 
of giddiness is not recorded it was of very minor 
degree. H. L., whose injury was in the upper 
parietal region had giddiness only on sitting up. 
E. L. (Table Is) had an extensive comminuted 
fracture of the L. vertex with deep penetration of 
brain. His giddiness was of unspecified nature and 
occurred only between 7 and 10 months after injury. 

The remaining cases all had severe vertigo, with 
well-marked hallucination of movement, rotatory 
except with R. B. (Table IA), who had a bullet 
lodged in the posterior part of the R. temporal lobe 
and complained of a feeling of “rising off the 
ground”. This case and P. R. (Table IA) have 
already been described in detail in connection with 
the comparison of vestibular tests by two methods. 

't was there suggested that they had vestibular 
pareses, the former caused by a temporal lobe 
lesion, the latter by a lesion of the labyrinth, though 
rain contusion must have been present and could 
not be excluded as a contributory cause. Unfor- 
‘unately clinical details of A. Y. are lacking but it 


H 


ill | 
Site of cranio- | Duration of | Aural Dysfunction | Clinical signs Duration of 
Case cerebral lesion | Unconscious- T=tinnitus of brain injury giddiness 
| ness D= deafness V=vertigo 
_ = } | 
cc Frontal (minimal Nil ¢ — — 10 days 
brain injury) | 
R. Ms. | Occipital (minimal | 5 minutes — — t 
brain injury) | | 
H. | Parietal | 12 hours Acalculia, spatial 1 month 
| disorientation 
E. L. | Parietal | 6 days \TD Hemiparesis, epilepsy, 10 months 
. mental impairment 
R. B. Temporal _Momentary | — Dysphasia, facial weak- | V 6 weeks 
| | mess 
P. R. | Occipito-temporal 2 days | T D suppurative | — | V 3 months 
(outer cerebellum labyrinthitis | 
and petrous bone) | | (healed) | | 
A. Y. Parietal | 2 nil — | ? | V 7 months 
J. H. | Temporal (middle =| Few minutes ‘TD — | V 1 year 
ear and temporal | 
| lobe) | | | 
W. C. | Occipito-parietal | Few hours TD | Lower quadrantic | V 2 years 
| (inter- hemianopia | 
| mittent) 
P. O. Parietal 12 hours | T Hemiparesis, epilepsy ? | V 3 years + 
| (** blackouts ”’), mental | 
| | impairment | 
TABLE XI.—Case OF OPEN BRAIN INJURY WITH GIDDINESS IN ORDER OF SEVERITY OF THE SYMPTOM 


may be significant that his injury involved the 
parietal region. J. H. had a bomb wound involving 
the temporal lobe and middle ear. Though no 
infection resulted, vertigo was severe and persistent. 
The next case is worth special note in view of the 
persistence of periodic vertigo, and the vestibular 
responses. 


W. C. (Table IA). Bomb wound L. occipito-parietal 
region. There was intermittent unconsciousness and 
imperfect amnesia for a few hours. An extensive wound 
involving the occipital lobe was explored and healed by 
first intention. X-ray after the operation showed 
multiple widely scattered fragments of metal remaining 
in the posterior temporal and parietal regions of the 
brain. Attacks of rotatory vertigo began 6 weeks after 
injury. There was a R. lower quadrantic hemianopia 
and slight L. inner ear deafness (heard whisper 7 ft.). 
Otherwise he remained very well, being up and about. 

Two years after injury he was still having attacks of 
vertigo (three in a fortnight). These lasted about a 
minute and consisted of a feeling of spinning round with 
loss of balance, apparent movement of external objects, 
and staggering gait. There was slight tinnitus. Slight 
L. inner ear deafness remained (whisper at 5 ft.) and 
there was a little unsteadiness in walking with the eyes 
closed. Repeated caloric tests (Tables II and V) showed 
that the cold caloric response from the R. ear had 
remained minimal, while the pattern of responses by the 
second method of testing with hot and cold stimuli 
indicated a L. canal paresis combined with a directional 
preponderance to the L. 


As mentioned earlier the last caloric tests indi- 
cated a crossed type of combined lesion by the 
criteria of Hallpike (1942 and 1943), i.e. L. canal 
paresis and R. utricular paresis. The absence of 
deafness in the R. ear suggests that injury to the L. 
temporal lobe or its vestibular connections ac- 
counted for the R. utricular paresis. The last case 
of open injury with persistent attacks of rotatory 
vertigo (P. O.) had three attacks apparently of 
epileptiform nature during the latter 2 years under 
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observation, and although helped by a sympathetic 
employer, exhibited a curious mental and emotional 
instability. Another case in the series, of closed 
depressed fracture, should be compared with these 
above. 


G. L. (Table IA). Three and a half years ago a piece 
of clinker had fallen 20 to 30 ft. on to his head, causing 
a depressed R. occipito-parietal fracture, which had 
remained unelevated. He had amnesia for several days, 
stayed 2 weeks in bed at hospital and a month in bed 
at home. Since then he had had headaches and giddy 
attacks about once a month, lasting 4 or 5 minutes. 
During the attacks he felt as if ‘everything seems to 
go round ” and “* head was spinning round.” He could 
not remember after each attack events immediately pre- 
ceding it. On medical advice he had done little work 
since the accident. 

Examination showed an old depressed R. occipito- 
parietal fracture. There was nystagmus on_ lateral 
ocular deviation, more to the L. than the R. The L. 
pupil was larger than the R. and there was lack of con- 
vergence of the L. eye. The rest of the central nervous 
system showed no abnormal signs. An air encephalo- 
gram was normal. Cold caloric tests (by the first 
method) showed delay in response from the side oppo- 
site cranial injury (as with most closed injuries). 


The ocular signs present in this case indicate that 
a brainstem lesion may have been present, though 
not giving such a definite syndrome as the six cases 
previously described. This, in the absence of deaf- 
ness as a sign of peripheral labyrinth damage, might 
account for the vestibular reactions. The nature 
of the injury suggests that there was probably 
localized damage to the occipito-parietal cortex. 
The history of the symptom suggests that it may 
have been of epileptiform character. 

Consideration of all these cases of focal injury to 
the cerebral cortex leads to the conclusion that 
there is a special relation between post-traumatic 
vertigo and injury to the cortex somewhere in the 
region of the temporal or parietal lobes. 

Some patients with post-traumatic giddiness 
describe their symptom as a visual impairment, or 
say that ** everything goes black”. This is generally 
associated with a feeling of unsteadiness, “as if I 
might fall”, or that ‘‘ I have to take hold of some- 
thing”. It may be momentary, associated with 
change in posture or increased activity and perhaps 
is due to vasomotor insufficiency, i.e. syncope? In 
some cases, however, patients describe visual impair- 
ment of longer duration, with actual falling, and 
sometimes with loss of consciousness. Such attacks 
are commonly described as “ blackouts”. They 
tend to occur in the later stages of recovery as 
periodic and spontaneous attacks. Symonds (1942) 
stated that in some cases there is a transition to 
epilepsy, and describes such a case. Though none 
of the cases here described had quite as suggestive 
history as the one he quotes, the efforts of patients 
to describe their feelings before such an attack not 
infrequently suggested an epileptic aura. They 
would say “I have a feeling as if I am going to 
die’, or that everything becomes ‘* muzzy” or 
**all mixed up”, or that “things seem unreal ”’. 
Sometimes the preliminary feeling would be one of 
rotatory vertigo (cf. G. L.). 


In view of the fact that such relatively minor cases 
do not usually have evidence of focal corticg| 
lesions it is worth remembering that loss of cop. 
sciousness may occur in very severe cases of 
Meniere’s syndrome (Brain, 1940), and that vertigo 
(so often associated with post-traumatic headache) 
may occur in migraine (Brain, 1940). A particular 
relation between disease of the peripheral sense 
organ and epilepsy has been noted by Brain (1933). 
who described a small group of epileptics suffering 
from chronic suppurative otitis media who had 
vertigo as an aura. Treatment of the ears in these 
cases relieved the epilepsy, which was presumably 
of * reflex’ nature. Fitzgerald and Hallpike (1942) 
in observations on directional preponderance of 
induced caloric nystagmus have emphasized an 
association between the vestibular apparatus and 
the temporal lobe. They quote Spiegel (1932) as 
demonstrating in the dog and cat that following 
localized application of strychnine to the postero- 
superior parts of the temporal lobe, labyrinth 
stimulation may cause convulsions. Foerster (1936) 
noted in man that * stimulation of the superior lip 
of the interparietal sulcus evokes violent vertigo ™; 
objects appeared to move towards the side of stimu- 
lation and there was a_ subjective sensation of 
turning towards the contralateral side. 

Brain (1938) stated that in cases of intracranial 
tumour “vertigo is of no localizing value since it 
may occur with a tumour in any situation”. 
Symonds (1933) in making this point, however, 
noted that “* vertigo as an epileptic aura, or with 
tumours of the forebrain, is not as a rule followed 
by vertiginous sensations of the kind almost con- 
stantly encountered when the disturbance has 
arisen at any of the lower levels”. In postulating 
focal cortical injury as one cause of vertigo, it may 
be borne in mind that these disturbances at lower 
levels are in some degree at least frequently present 
in addition, e.g. inner ear lesions or brainstem 
injury (cf. G. L. above). Also additional factors 
are of importance after cerebral contusion (see 
following sections). 

Relation of Giddiness to Vasomotor Function.— 
Focal lesions on or near the vestibular pathway 
after head injury are frequently accompanied by 
severe vertigo (and giddiness in general), as demon- 
strated in the previous sections. The symptom may 
occur, however, without obvious focal lesion (e.g. 
A. C., R. R., Table IA) or disorder of function as 
revealed by vestibular tests (A. N., A. D., Table IA; 
J. K., C. T., Table V). Another post-traumatic 
factor of more general nature may be of more 
importance with relatively minor degrees of the 
symptom. In such case, the nature of the giddiness, 
with absence of hallucination of movement, a rela- 
tion to general posture, e.g. sitting up, standing, 
increased activity in general as distinguished from 
changes in position of the head which affect the 
vestibular end organ directly, momentary * black- 
outs’, faintness, and frequent association with 
headache (cf. migraine), inevitably suggests vaso- 
motor disorder. This has been postulated by 
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Mygind (1918), Portmann and Despons (1937), 
Glaser (1937), and Rowbotham (1942). Symonds 
(1942) stated that generally post-traumatic giddiness 
was not a true vertigo, and was probably due to a 
defect of vasomotor adjustment which may result 
from medullary concussion. Brain (1933), in dis- 
cussing the definition of vertigo, pointed out that 
“even when the vertigo is of aural origin, although 
a subjective sense of rotation, either of the patient 
or his surroundings, is its commonest form, it is 
by no means always present”. Thus absence of 
hallucination of movement does not exclude a 
vestibular lesion. Focal vestibular lesions, of vesti- 
bule or its intracranial connections, are probably 
present in most cases of post-traumatic giddiness, 
because even gross generalized brain contusion 
may occur without the symptom (e.g. Table Ib, 
H. M. unconscious 12 hours, F. F. unconscious 
2 days). 

Camis (1930) demonstrated experimentally that 
afferent impulses from the labyrinths have wide- 
spread effects on circulation as well as on somatic 
musculature, and made the comment that such 
study is difficult in human beings where there may 
be potent psychical and emotional factors. It 
seems not improbable, however, that unbalanced 
vasomotor adjustment may conversely affect im- 
pulses from the labyrinths, especially if there is also 
a focal lesion or lesions on their path. 

The symptom is not necessarily present with high 
blood pressure. Three cases have been noted with 
hypertension in Table IB. One (A. Wt.) had per- 
sistent giddiness, but other abnormal factors were 
One (E. A.) had slow but uneventful 
convalescence. The third (A. H.) had no post- 
traumatic giddiness even though there was a fracture 
of the petrous bone. Other cases with severe 
injuries have also been seen with hypertension but 
no giddiness. 

Relation of Giddiness to Psychogenic Disorder.— 
To account for the persistence of symptoms after 
head injury, a ** neurotic ”’ or ** functional *’ element 
is often postulated. Great difficulty is sometimes 
encountered in assessing such responsibility in 
individual cases. Out of 133 cases with post- 
traumatic giddiness in this series, 17 had a diagnosis 
of psychiatric disorder made at some time. In four 
of these the diagnosis was made after the giddiness 
had ceased, and bore no relation to it. Four were 
cases of chronic mastoiditis, and one of acute 
mastoiditis, already mentioned. One (A. Wt.) has 
been described as a case of catarrhal otitis media 
with anxiety neurosis. One, with a closed temporo- 
parietal injury and focal signs had fainting attacks 
of * blackouts’ with an aura of giddiness. The 
history suggested epilepsy. In one case, a girl with 
unstable emotional reactions, dizziness of vague 
character was described only once during follow-up. 
There remain five cases, in which the persistence of 
giddiness, with headache, was thought to be ex- 
plained on a psychogenic basis. In one case where 
symptoms were not severe, the main factor pre- 
venting return to work after 4 months appeared to 


be medical advice. The others were long-standing 
cases. One was a ‘‘ compensation neurosis ” with 
an unsettled claim 18 months after the injury. Two 
with the symptom persisting 5 and 7 years after 
injury apparently had a reaction to recent army 
service. Only one was considered to be a malin- 
gerer. Admittedly more, and probably most, cases 
in the whole series must have been afflicted with 
some quota of disability due to a psychogenic factor 
in the post-traumatic state. Nevertheless, in view 
of the frequency and consistency of description of 
the symptom it seems probable that even the 
psychopaths had some organic basis for their com- 
plaint in the early stages. It may have been greatly 
elaborated later. Similarly, other cases at a later 
stage, depending on personality and environment, 
may produce evidence of a psychiatric element 
prolonging disability. It is of the greatest import- 
ance to maintain a balanced outlook in these diffi- 
cult cases, and the remarks of Symonds and Lewis 
(1940) on the impossibility of completely separating 
the psychogenic and physiogenic factors in the post- 
contusional state are apposite. In at least some of 
the cases reviewed here there remained a serious 
organic lesion as well as psychiatric disturbance. 
The delay in resolution of symptoms, even if of 
relatively minor degree, that often occurs with the 
post-contusional syndrome, readily gives rise to an 
anxiety state. Resulting lack of confidence and 
vasomotor phenomena are particularly liable to 
aggravate or prolong those symptoms. 

Giddiness, or a sensation of disordered equili- 
brium, results from a conflict of afferent impulses 
most of which normally do not reach consciousness, 
The sensation may be difficult to define and its 
source is not readily apparent. It is not surprising 
that it may lead to confusion in the mind of the 
patient, and perhaps of his doctor. 


Conclusions from Clinical Study 


In this series lesions on or near the vestibular 
pathway have been found in the more severe cases 
of vertigo, and in many of giddiness without hallu- 
cination of movement. The difference between the 
two varieties of symptom appears to be mainly of 
degree. Vertigo in the earliest stages after injury 
(e.g. immediately, or during the period of rest) 
occurs with focal vestibular lesions at the lower 
levels (e.g. labyrinth or brainstem). Circumstances 
requiring vasomotor adjustment act as exciting 
stimuli for such vertigo as well as for giddiness 
without hallucination of movement, in the inter- 
mediate stages of convalescence. Vasomotor dis- 
order resulting from brain contusion appears to be 
an important secondary factor in the production of 
the symptom, but may be of first importance in the 
less severe cases. Cases with prolonged disability 
due to the symptom are also found to have focal 
lesions, sometimes with complications (e.g. infection 
of the ear). A relation to epileptiform phenomena 
and focal cerebral lesions in the temporal and 
parietal regions appears in chronic cases. Here the 
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psychogenic factor is also important and needs very 
careful assessment. Miscellaneous factors such as 
length of stay in bed, graduation of convalescence, 
constitutional differences (e.g. age and blood 
pressure) may modify individual progress, but seem 
to be of minor importance. 


Conclusions 


Disorders of vestibular function, as shown by 
caloric tests, have been found in a high proportion 
of all cases of head injury, but are not necessarily 
accompanied by giddiness as a symptom. Focal 
lesions of the pathway from labyrinth to cerebral 
cortex have been found or inferred in the more 
severe cases of the symptom, and are probably the 
major factor in its production. The findings in 
relation to the site and type of cranial injury suggest 
the mechanisms by which such lesions may occur: 
(a) from brain injury, directly to the temporo- 
parietal cortex, or more commonly by the effects of 
rotational stress, particularly affecting the brainstem 
(cerebellum and acoustic nerves are also presumably 
vulnerable to some degree); (6) from injury to the 
labyrinths, directly by fracture, by conduction of 
force through the skull, or secondarily by involve- 
ment in middle ear disease. 

Other factors may account for individual suscepti- 
bility. Vasomotor changes appear to act as exciting 
stimuli for the symptom in the majority of cases. 
Vasomotor disorders alone may account for some 
minor degrees of the symptom. 


Summary 


Experimental and clinical investigations of vesti- 
bular function and its relation to the symptom of 
post-traumatic giddiness have been carried out. It 
is concluded that focal injury to the vestibular path- 
way is the major factor, and that vasomotor disorder 


is the most important secondary factor in causation 
of the symptom. 
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(Départements de Neurologie et Anatomie Pathologique de I’ Institut Bunge (Berchem-Anvers)) 


(RECEIVED IST SEPTEMBER, 1945) 


I. Introduction et Définition 


Nous avons hésité pendant longtemps a publier sous 
un nouveau nom, une série d’observations anatomo- 
cliniques, dont la situation nosologique particuliére 
nous était cependant apparue des le premier cas 
vérifié de cette série, et cela pour deux raisons. La 
premiére est que l’on a réuni sous le nom de sclérose 
diffuse inflammatoire des cas trés divers ou la notion 
histologique d’inflammation autonome du névraxe 
est souvent loin d’étre établie. La seconde est que, 
dans ce champ de la pathologie, les appellations 
proposées sont déja tellement nombreuses qu’on ne 
rend service 4 personne en en ajoutant une nouvelle. 
Dans des travaux antérieurs, nous avons essayé de 
fixer, 4 l'occasion d’observations inédites person- 
nelles, la notion de ** sclérose diffuse inflammatoire 
de la substance blanche” et d’en séparer le type 
multiloculaire (appelé encore encéphalopathie de 
Schilder) et la forme hérédo-familiale dystrophique. 
Il nous est apparu ainsi que cette notion de “ sclé 
rose diffuse inflammatoire de la substance blanche ” 
est, actuellement encore, employée dans la littérature 
surtout allemande, pour des maladies différentes 
les unes des autres et qu’elle entretient, de ce fait, 
de nouvelles confusions. D/’autre part, certains de 
ces cas ont, méme en l’absence d’une preuve étiolo- 
gique, une telle apparence d’autonomie que leur 
description séparée est justifiée. 


L’appellation d’ ** Encéphalite sclérosante de la sub- 
stance blanche des hémisphéres”’ fut introduite par 
Spielmeyer 4 quatre reprises dans son “‘ Histopathologie 
des Nervensystems,” mais sans y étre précisée au 
point de vue nosologique. Il en parle une premiére 
fois (p. 322) comme d'une affection inflammatoire 
particuliére; une seconde fois (p. 427) pour l’opposer 
aux altérations secondaires de la substance blanche 
paraissant admettre qu'une “inflammation sclérosante ” 
de cette région cérébrale pourrait s’observer aussi au 
titre dégénératif. Il revient a cette idée d’un processus 
degénératif rapide et étendu, quelques pages plus 
loin (p. 455). 

Elle fut employée semble-t-il, une seconde fois, par 
Neubiirger (1923) 4 propos de son cas Jager avec cette 
particularité qu’il y accola le qualificatif de ‘* focale.’’. 
Ce cas qui n’appartient pas au groupe d’observations 
que nous discuterons ici, comme lindique fort bien son 
auteur, se rattache a la série de cas de Schilder, v. 
Stauffenberg, Walter, Jakob, etc. ... Depuis Neu- 
burger, cette appellation a d’ailleurs été reprise par 
c autres auteurs (p. ex. Lennartz et Schmid, 1938) pour 


des cas que nous rapprochons de la sclérose multilocu- 
laire. 

Cette méme appellation fut reprise quelques années 
plus tard par Bodechtel et Guttmann (1931); par nous- 
mémes, avec De Busscher (1939) d’abord, puis avec 
Dellaert et Maere (1945) pour des observations d’un 
tout autre aspect. 

Bodechtel et Guttmann ajoutaient, il est vrai, dans 
leur titre ** Encéphalite diffuse” 4 l’'appellation d’ “ in- 
flammation sclérosante de la substance blanche des 
hémisphéres **. Comme c’est tout de méme le processus 
inflammatoire axial qui donne a la maladie son cachet 
histo-pathologique et peut-étre clinique particuliers, 
nous nous en sommes tenus dans notre travail avec De 
Busscher puis avec Dellaert et Maere a l’appellation de 
‘**Sclérose inflammatoire de la substance blanche des 
hémisphéres * seulement. Dans un travail ultérieur, 
Bodechtel et Guttmann (1931) eux-mémes ne sont 
d’ailleurs plus revenus sur cette notion d’encéphalite 
diffuse. Mais, tout en séparant franchement leur ob- 
servation Apf. . . d’autres observations de sclérose 
diffuse, ils semblent considérer 4 nouveau, comme des 
équivalents, l’encéphalite périaxiale diffuse (Schilder) et 
l'inflammation sclérosante de la substance blanche des 
hémisphéres (Spielmeyer, 1922). 


Nous proposons le nom de “ leucoencéphalite 
sclérosante subaigue ”’ pour le groupe de cas suivants: 
cas Apf . . . de Bodechtel-Guttmann, De Busscher, 
cas I et II de Dellaert-Maere, ces trois derniers ayant 
été publiées antérieurement sous le nom de sclérose 
diffuse inflammatoire de la substance blanche des 
hémisphéres (Spielmeyer). Nous y ajoutons une 
nouvelle observation inédite et l'étude in extenso 
des cas Dellaert-Maere dont seulement un court 
résumé histopathologique a été donné antérieure- 
ment. 

Dans lignorance ou nous sommes de toute 
étiologie, un protocole détaillé, tant au point de vue 
de la topographie que de l’histopathologie du pro- 
cessus anatomique, est indispensable pour juger si 
ce groupe mérite ou non son individualité. 


II. Documents anatomo—cliniques 


Observation I—Nous ne rappellerons que fort 
briévement cette observation si riche en enseigne- 
ments sémiologiques a laquelle nous venons de 
consacrer un mémoire précédent avec Dellaert et 
Maere (1945). 

Chez un enfant de treize ans se développa, en cing 
mois, une maladie a évolution fatale caractérisée 
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par une désintégration rapide des acquisitions 
scolaires, de son activité gestuelle, phasique, praxique, 
dune involution affective et psychomotrice. Paral- 
lélement a ces désordres psychiques apparut une 
perte des automatismes d’équilibration, de la 
mimique, puis des mouvements cloniques et d’hémi- 
ballisme, une hypertonie d’abord dimidiée, ensuite 
généralisée avec attitude décérébrée, décharges 
épileptiques, cloniques et sous-corticales. Dés le 
début, il eut une fiévre légére, qui plus tard fut ac- 
centuée et mise sur le compte de l’infection vésicale 
et des escharres. A la fin, au milieu d’une cachexie 
extreme, la déglutition, la mastication, la phonation, 
les réflexes de clignement furent a leur tour entrepris. 
La contracture opistotonique devint permanente. 
Une ventriculographie ne révéla qu’une hydro- 
céphalie a vacuo. Les examens du liquide céphalo- 
rachidien et du sang ne montrérent aucune anomalie 
sauf une déviation de la formule du benjoin colloidal 
dans le sens paralytique. L’autopsie faite dans 
d’excellentes conditions ne montra, en dehors de 
lhydrocéphalie tres modérée, aucune particularité 
et en particulier aucune induration de la substance 
blanche cérébrale. 


Etude histologique 


Systéme nerveux central. Techniques.—Inclusion a la 
celloidine, grands blocs des hémisphéres: Nissl et 
Weigert; congélation, fragments: Weigert, Spielmeyer, 
Rouge-Ecarlate, Bielschowsky-Reumont; Bleu de tolu- 
idine, Crésyl-Violet, Holzer; Nissl, van Gieson, Héma- 
téine-Eosine sur paraffine, petits fragments. 

A. Topographie.—Dans les coupes myéliniques: a la 
loupe binoculaire, nulle part on ne trouve de foyers de 
démyélinisation. Dans la substance blanche du centre 
ovale, certains territoires 4 proximité des vaisseaux ou 
méme a distance d’eux sont légérement plus pales 
qu’habituellement, mais ces niveaux demandent a étre 
recherchés. On les trouve dans les régions frontales 
(sous Fl et F2) et occipitales (immédiatement en dehors 
des radiations optiques). Les systémes tangentiels 
intracorticaux sont raréfiés et les systemes radiaires peu 
imprégnés, éclaircis mais sans prédilection. Les seg- 
ments interne et externe du pallidum sont particuliére- 
ment petits. Leur portion ventrale est plus pauvre en 
myéline qu’habituellement. Cet appauvrissement est 
surtout net dans la moitié ventrale de ce noyau et dans 
cette partie de l’anse lenticulaire qui croise dorsalement 
la bandelette et entre immédiatement en arriére d’elle 
dans le pied de la capsule interne. 

Les coupes colorées par le rouge-écarlate confirment 
labsence de grosse lésions myéliniques. C'est a peine si, 
a de rares endroits, on trouve quelque corps granuleux 
périvasculaires chargés de graisses. Les préparations 
cytologiques montrent que le processus pathologique 
intéresse avant tout la substance blanche cérébrale et, a 
un degré moins accentué, l’écorce grise. D’avant en 
arriére les grandes coupes cytologiques montrent que 
infiltration de la substance blanche est surtout nette 
dans la partie antérieure du corps calleux, la zone péri- 
ventriculaire, l’'axe blanc du pdle frontal, sous FI et F2, 
sous le lobe orbitaire dans sa partie la plus antérieure, 
dans l’axe blanc de la circonvolution limbique, dans I’axe 
blanc de F1, de F2, du gyrus rectus. 

Sur une coupe plus postérieure intéressant le plein 
développement des noyaux gris centraux, la couche 
optique et le N. rouge, on voit que cette infiltration est 
maximale dans Il’axe blanc de F1, de F3, de l’insula, dans 
lavant-mur et la substance blanche du lobe temporal. 
Une coupe plus postérieure passant par la partie caudale 
de ces formations, montre les infiltrations les plus denses 
au niveau de la région pariétale, dans I’axe blanc tem- 
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poral, dans Il’épanouissement ventral de l’avant-mur e 
lhippocampe. La capsule interne ne présente que tras 
peu de lésions, par contre les lames médullaires et |g 
zone grillagée présentent de nombreuses périvascularites 
de méme que la zone répondant a l’anse lenticulaire. 
L’axe blanc cérébelleux, le hile du noyau dentelé pe 
montrent pas d infiltrations. La couche optique, |e 
noyau rouge, le corps de Luys, la zone incerta, la sub. 
stance innominée de Reichert, la substance grise de 
lavant-mur, les formations hyperchromiques _ péri-et 
rétrorubriques ne montrent qu'une gliose cellulaire 
diffuse avec peu de réactions périvasculaires. 

Les lésions corticales sont particuli¢rement impor- 
tantes dans les régions orbitaires de Fl, F2, le lobe 
limbique, F3, Tl, la circonvolution hippocampique plus 
en arri¢re dans le pli courbe, les champs avoisinant le 
sillon paralléle, T3 et le lobule fusiforme. 

B. Histopathologie-—Nous_ reprendrons Ilétude de 
tous ces niveaux, un a un, sur nos coupes au Niss! qui 
sont les plus instructives et aux plus gros agrandisse- 
ments. 

Dans la moélle, sauf une légére gliose macrogliale ay 
voisinage de lépendyme et quelques réactions péri- 
vasculaires dans les cornes antérieures et postérieures: 
pas d’altérations. Le nerf optique dans son trajet intra- 
cérébral montre aussit6t des altérations nettes. A cété 
d'une infiltration diffuse interfasciculaire avec péri- 
vascularites et quelques nodulés gliaux, il faut retenir 
une proliferation gliale sous-piale, et une infiltration plus 
discrete de lespace pio-arachnoidien. Cette marge 
sous-piale, est d’°une composition cellulaire différente de 
la gliose isomorphe intrafasciculaire. Elle est constituée 
surtout de cellules microgliques arrondies, 4 noyau a 
biscuit ou en épingle a cheveux ouverte, avec peu d’¢élé- 
ments macrogliaux, alors que la glie interfasciculaire 
comporte surtout des cellules en batonnets des éléments 
macrogliaux pauvres en protoplasme et des groupes 
isogéniques. 

Le bulbe inférieur montre une prolifération gliale a 
cellules en batonnets surtout et a microglie dans le noyau 
de Burdach. Les cellules olivaires sont raréfiées et la 
bande olivaire est le siége d’une prolifération gliale 
surtout au niveau de la lamelle ventrale. La lamelle 
dorsale et le complexe médio-ventral sont moins 
atteints. Ces lésions cellulaires consistent en une sur- 
charge graisseuse parfois multivacuolaire, avec rétraction 
des corps cellulaires qui deviennent plus épineux et dont 
le protoplasme prend un aspect plus violacé et plus 
foncé. Certaines cellules ne sont plus représentées que 
par une ombre presque effacée, d’autres par une vésicule 
lipoidienne entourée d'un mince liseré protoplasmique 
trés coloré. La prolifération gliale est surtout le fait de 
cellules neurogliques a noyau clair, de quelques cellules 
en batonnet et d’éléments microgliaux du type des 
cellules satellites. On trouve aussi quelques gros noyaux 
gliaux vésiculaires trés clairs rappelant les cellules 
d’Alzheimer. Cette lésion olivaire se retrouve aussi 
dans le bulbe supérieur et préfére, ici aussi, la lamelle 
dorsale et le pole mais elle y est moins marquée. 

Dans les noyaux du pont, les groupes ventraux- 
médians et parfois les groupes latéraux présentent une 
infiltration gliale (a cellules en batonnets et a éléments 
satellites et 4 macroglie), mais les cellules ganglionnaires 
ont a ce niveau leur aspect normal. La glie souspiale 
a proliférée dans le voisinage de ces foyers. Dans la 
protubérance moyenne et supérieure les différents noyaux 
de substance grise de la calotte sont indemnes. II n’en 
est plus tout a fait ainsi dans les zones de passage ponto- 
pédonculaire. A ce niveau, en dehors de quelques 
infiltrations gliales des noyaux propres du pont, analogues 
a celles observées dans la protubérance moyenne, on 
note dans les éléments du noyau central supérieur des 
deux cotés, une infiltration a cellules satellites, a cellules 
en batonnets avec peu de macroglie et des lésions in- 
dubitables des cellules ganglionnaires. Les premiéres 
cellules nigériennes sont, ici aussi, malgré l’Age de sujet, 
trés pauvres en pigment; certaines d’entr’elles sont 
rétractées et cernées de cellules satellites, on y voit méme 
des figures de neuronophagie mais elles sont rares. 
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UNE LEUCO-ENCEPHALITE SCLEROSANTE SUBAIGUE 


Comme il se doit, les vaisseaux adjacents de la calotte 
résentent des réactions adventitielles modérées et du 
type lymphocytaire. a 

Poursuivons l’examen du pédoncule cérébral sur une 
grande coupe vertico-transversale de la région sous- 
optique. Le locus niger montre une raréfaction pre- 
dominant sur les groupes latéral et central. Cette raré- 
faction est prononcée. Elle s’accompagne d’une gliose 
cellulaire modérée et de nombreuses figures d’atrophie 
pigmentaire. Les figures de substitution sont rares 
(fig. 1). Le noyau rouge et le corps mamillaire offrent 





Raréfaction cellulaire, 


Locus Niger. 
gliose, quelques figures d’englobement et de substitution 
(Nissl) (Celloidine). 


Fic. 1.—Cas I. 


une gliose modérée, mais on n’oserait pas y affirmer une 
raréfaction cellulaire. Le corps de Luys est raréfié dans 
son segment latéro-dorsal par grandes plages et la glie y 
est plus dense, plus active avec des réactions péricapil- 
laires de plasmo-et de lymphocytes. 

Il y a en outre une rarefaction sans gliose dense des 
formations pigmentées péri-et rétrorubriques, des forma- 
tions hyperchromiques de hypothalamus, des noyaux 
du champ de Forel, de la substance innominée de 
Reichert dont, seul le groupe latéral le plus gros est bien 
visible. 

Le pallidum est trés éclairci 4 la fois au niveau des 
groupes les plus médians du segment interne et du segment 
externe, surtout dans la partie ventrale: il est eclairgi 
aussi dans les coupes myéliniques (fig. 2). Le putamen 
et le N. caudé ne présentent pas d’altérations franches. 
La couche optique présente une raréfaction par plages, 
rappelant celle du corps de Luys, aux niveaux du noyau 
externe et de la partie dorsale du noyau interne. Les 
formations de la zone grillagée et les formations hyper- 
chromiques du noyau interne sont normales. Tout le 
thalamus est le siége d’une gliose cellulaire disséminée 
assez intense. Les réactions périvasculaires sont peu 
nombreuses. Le noyau amygdalien est intact. 

Les vaisseaux qui s‘orientent vers la région sous- 
épendymaire du troisi¢me ventricle sont infiltrés et on 
constate, au niveau du prolongement tubérien de ce 
ventricule, une gliose épendymaire plus marquée que 
tout ce que nous avons rencontré jusqu’a présent dans 
ce cas. Les réactions gliales dans les noyaux gris cen- 
traux se sont pas d'une qualité uniforme. Les lésions 
cellulaires du corps de Luys, de la substance innominée, 
Se présentent par petits groupes. Les éléments gliaux 
proliférés a ce niveau sont surtout de la microglie satel- 
lite, des éléments macrogliaux et, de moins en moins, 
des cellules en batonnets. Dans le putamen et le noyau 
ciudé, on note une gliose légére 4 macroglie. Dans le 
pallidum, les figures de neuronophagie, les nodules 

cliaux, les. infiltrations macro-et microgliales diffuses 
sont plus nombreuses mais les périvascularites restent 
discrétes. Parmi Jes cellules gliales, il y a un certain 
nombre de noyaux gliaux clairs et vésiculeux du type de 
\« glie d’Alzheimer mais plus lobés. La coupe la plus orale 





Pallidum. Raréfaction myélinique 
(Spielmeyer) (Congélation). 
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passe par la partie antérieure du tuber et la zoua incerto et 
la substance innominée sont intactes. Dorsalement de la 
commissure, On retrouve dans le pallidum et le putamen, 
les mémes altérations que celles indiquées plus haut 
mais moins intenses. Le noyau dentelé du cervelet, le 
hile de ce noyau et la substance blanche adjacente pré- 
sentent une infiltration gliale comparable a celle des 
Olives bulbaires. La lame grise du noyau denteleé est le 
si¢ge d’une gliose macrogliale modérée et de quelques 
figures de substitution. 

Le cervelét a conservé sa structure normale, sauf que 
la moléculaire montre un certain nombre de cellules en 
batonnet, d’armatures gliales, une infiltration sous-piale 
lympho-plasmocytaire a la surface d’un assez grand 
nombre de ses lamelles avec éclaircissement des grains et 
des cellules de Purkinje; l'axe blanc est indemne. 

Les infiltrations du centre ovale sont les plus denses 
au niveau de la région sous-corticale et 4 l’entour des 
gros vaisseaux Ou elles constituent de véritables foyers. 
Ici aussi, On peut distinguer plusieurs degrés de gravité 
dans les lésions. Dans les zones légérement atteintes, 
on ne voit que des infiltrats périvasculaires modeérés, 
avec augmentation de la microglie, de l’oligodendroglie, 
des cellules gliales rappelant la glie piloide, des nodules 
et symplasmes gliaux mais moins nombreux que dans 
l'écorce. Dans le parenchyme lui-méme on voit un 
certain nombre de bulles d’cedéme, a contour granuleux 
légérement rosatre et dont les bords sont limités par de 
trés fines formations fibrillaires contenant parfois un 
noyau aplati. Les vaisseaux montrent aussi entre la 
limitante extérieure de l’adventice et la limitante gliale 
une zone d’cedéme du méme aspect et acellulaire. Les 
vaisseaux immédiatement sous-corticaux sont garnis, a 
cété de quelques cellules lymphoplasmocytaires dans 
espace de Virchow-Robin, d’un certain nombre de 
macrophages. 
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Dans les zones trés lésées et plus anciennement 
atteintes, la prolifération gliale est beaucoup plus dense. 
Elle se compose de cellules oligodendrogliques mais 
surtout d’astroglie et de macroglie engraissée. Cette 
derniére atteint une taille considérable, se présente par 
nappes juxtavasculaires, comporte de nombreux 
éléments a plusieurs noyaux (fig. 3). Nulle part on ne 
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Fic. 3.—Cas. I. Réactions 


Centre Ovale. 
plasmocytaires, intra-périvasculaires et diffuses. 
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Mac- 


roglie engraissée. Oligoglie (Nissl) (Celloidine). 


voit de corps granuleux que dans les espaces adventitiels 
et encore sont ils peu nombreux. Ces deux aspects 
d’altérations se voient dans le centre ovale. Les lésions 
dans le corps calleux et du trigone se rapprochent plutdét 
du premier type c.a.d. que ces deux formations commis- 
surales présentent des altérations légéres. 

On retrouve au niveau des ventricules, une gliose sous- 
piale plus importante encore que celle décrite dans le 
troisiéme ventricule surtout au niveau des cornes frontale 
et, A un moindre degré, occipitale. 

La structure de cette réaction sous-épendymaire est 
surtout bien typique dans la corne frontale du ventricule: 
en dehors de l infiltration immédiatement sous-épendy- 
maire, on y observe une bande de prolifération gliale, a 
un demi-millimétre sous le revétement et constituée de 
macroglie, microglie diffuse et de nodules gliaux, le plus 
fréquenment juxta-capillaires. Les vaisseaux sont, a ce 
niveau, le si¢ge de périvascularites plasmatocytaires 
analogues a celles qu’on observe dans les méninges molles 
de l’écorce. En dehors de cette bande, la gliose se con- 
tinue sans limites nettes avec les foyers axiaux. 

L’infiltration glio-vasculaire de l’écorce dépasse ce que 
lon attend habituellement dans un processus axial 
comme celui dont nous venons de noter les principaux 
aspects. 

L’écorce cérébrale montre a peu prés partout les 
mémes altérations. Le degré le plus minime de celles-ci 
est représenté par une prolifération modérée de cellules 
en batonnet dans toute la profondeur des couches, par 
apparition de cellules macrogliales dans les couches 
V-VI et de quelques étoiles ou symplasmes gliaux péri-ou 
juxtacellulaires ou juxta-capillaires dans la couche IIIb 
ou IV. Au fur et 4 mesure que les lésions s’aggravent 
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la prolifération des cellules en batonnet est plus cense 
et la prolifération astrogliale s’étend aux couches [I]- 
V-VI et le nombre de nodules gliaux augmente. uel. 
ques uns sont tellement importants quils frappent |'¢ij 
aux plus petits agrandissements (fig. 4). Ils siégent de 
préférence dans les couches II-III, sont moins nombreyx 
en IV-V-VI et raresen I. En méme temps que quelques 


Fic. 4.—Cas. I. Nodules gliaux (Nissl) (Celloidine). 
figures de substitution cellulaire et parfois de vraies 
neuronophagies apparaissent, les infiltrations plasmo- 
cytaires péricapillaires et périvasculaires deviennent plus 
nombreuses. La moléculaire est elle-méme ponctuce 
de cellules en batonnet et de groupes isogéniques. 
Quand les lésions atteignent leur maximum, la circonvo- 
lution est couverte par une réaction méningée dense et 
l'aspect est alors le suivant. Nous pouvons prendre 
comme exemple un point quelconque de FI du lobe 
limbique trés en-avant, du lobe orbitaire, de F3 assez en 
avant ou de la partie orbitaire de F2. L’architecture 
est brouillée par linfiltration gliale et les réactions péri- 
vasculaires. Un chapelet de réactions périvasculaires 
s observe autour des vaisseaux qui plongent dans 
l'écorce et elles se continuent avec celles des vaisseaux 
propres de la leptoméninge. Au niveau des vaisseaux 
de taille moyenne, les infiltrations sont le plus souvent 
intra-adventitielles avec une formule lympho-plasmo- 
cytaire mais au niveau des capillaires, elles sont souvent 
purement plasmocytaires. Le plus grand nombre des 
nodules gliaux se trouve sur le trajet ou dans le voisinage 
immeédiat d’un capillaire. Ces nodules sont constitués 
de cellules en batonnet, d’éléments microgliaux arrondis 
ou rubanés, de quelques cellules néurogliales 4 noyau clair 
dont l’ensemble est constitue souvent de 20-30 élements. 
Ces nodules montrent assez souvent des altérations 
régressives. Mais ce qui domine ici aussi toute l'image 
du ruban cortical c’est l’extraordinaire densité des 
cellules des cellules en batonnet, de la moléculaire a la 
zone sous-corticale. A cété de celles-ci, on trouve tout 
particuli¢rement au niveau des couches II-V et VI un 
certain nombre de cellules neurogliales 4 noyau clair 
parfois en groupe de deux ou de trois, 4 proximité de 
cellules en voie de dégénérescence et de capillaires, et 
dans les couches V-VI de nombreuses cellules de 
macroglie engraissée 4 un Ou deux noyaux. 

Au premier abord, on croirait que les cellules ganglion- 
naires sont fortement raréfiées dans les couches II-III. 
Elles prennent en effet trés faiblement les colorants et 
disparaissent dans la trame de la réaction glio-conjonc- 
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tive. Mais quand on les examine couche par couche, on 
est frappé de leur conservation relative et de la rarete 
des ncuronophagies vraies. On n’en voit que dans la 
couche III et encore par unités cellulaires. 

Les lésions corticales les plus graves s’observent dans 
jes circonvolutions frontales F1, F2, F3 au pole et a la 
face orbitaire, dans le g. rectus, la partie antérieure de 
la circonvolution limbique, dans le tiers moyen et pos- 
térieur de Fl, dans la partie juxtasylvienne de F3, la 
partie postérieure de T2 T3, le pli courbe et lhippo- 
campe. Elles sont d’une gravité moyenne dans la région 
parictale supérieure et la partie moyenne de Tl, T2 et 
le lobule fusiforme. Elles sont a peine indiquées dans 
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la plus grande partie de F a et de P a, dans la partie 
moyenne et postérieure de F2, F3, les parties antérieures 
de T2, T1 et la région de la scissure calcarine et le coin. 

Les lésions sont particuli¢rement graves dans l’hippo- 
campe. Elles sont trés intenses dans la substance grise 
et blanche du champ pyramidal ammonique, du champ 
pyramidal du crochet, un peu moins dans le champ 
godronné et diminuent encore dans le champ subiculaire. 
Elles sont a piene indiqueés dans le champ présubiculaire, 
le champ parunciné mais l’axe blanc a ses deux derniers 
niveaux présente les lésions caractéristiques de méme 
que la substance blanche qui se prolonge sous les 
champs temporo-polaire et fusiforme (fig. 5). 
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Fic. 5.—Cas I. 
vascularites fraiches. 


Hippocampe. 


Champ pyramidal ammonique (H.B.2). > pe 
Infiltration gliale (a cellules en batonnets), de toute l’écorce avec figures de substitution 





Infiltration marquée axiale avec peri- 


cellulaire en III a, V et VI a. 
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Au niveau des deux premiers champs hippocampiques 
cités ci-dessus, on voit avec une grande netteté, que les 
lésions de la substance blanche l’emportent sur celles de 
la substance grise comme l’indique la densité de l’infil- 
tration gliale et des périvascularites dans la zone molé- 
culaire et la zone axiale. Les cellules ganglionnaires ne 
montrent presque plus de prolongements. Leurs corps 
cellulaires sont pales, effacés, souvent vacuolaires sur 
leurs bords. Leur noyau est peu visible, seul la nucléole 
permet de répérer la situation de celui-ci. A l’atrophie 
du corps cellulaire se combine ainsi un aspect spumeux 
de cytoplasme. Cette atrophie évolue, dans un grand 
nombre d’entr’elles, vers une dégénérescence graisseuse 
confirmée d’ailleurs dans les coupes au Rouge-Ecarlate. 
La glie elle-méme est chargée de granulations graisseuses 
au voisinage ou a l’emplacement des éléments ganglion- 
naires, qui ont subi cette modification. 

Dans les Bielschowsky, les cellules corticales pré- 
sentent la méme raréfaction de leurs dendrites, mais 
leurs fibrilles sont intactes. Les axones de la substance 
blanche sont également intacts. Un certain nombre de 
cellules gliales ustrocytaires sont imprégnées. A un 
plus gros agrandissement, dans les coupes au Spielmeyer, 
les réseaux tangentiels superficiels et intra-corticaux sont 
fragmentés et éclaircis, les réseaux radiaires sont amincis 
et ne gagnent pas le quart inférieur du réseau transverse. 
Dans la région éclaircie du pallidum, de nombreuses 
fibres sont fragmentées et a renflement monoliforme; 
les systémes fibrillaires intrinséques du locus niger sont 
également raréfiés et fragmentés. 

Les préparations par la méthode de Pearls ne montrent 
nulle part de dépéts sidérophiles anormaux. Les gang- 
lions gris centraux et le noyau dentelé sont méme par- 
ticuliérernent pauvres en fer. 

Les coupes par la méthode de Holzer montrent une 
gliose axiale récente dans les régions frontale orbitaire 
et préfrontale, relativement ancienne dans le reste du 
cerveau, surtout intense dans l’axe des circonvolutions 
et au niveau des fibres en U. Les fibrilles plongent de 
la, avec quelques corps cellulaires astrocytaires jusqu’en 
IV-V-VI, mais on ne les trouve pas plus haut, sauf 
immédiatement sous le revétement pial. Au niveau du 
prolongement occipital du ventricule, la gliose axiale se 





Fic. 6.—Cas I. Moélle, gliose marquée des cordons 
postérieurs (Holzer) (Congélation). 
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continue dans la gliose sousépendymaire et respecte |es 
radiations optiques. 

La couche optique offre une gliose particuli¢rement 
dense dans le noyau interne, la partie postérieure dy 
noyau antérieur et la partie dorso-latérale du noyay 
externe. Elle est le plus dense au niveau du noyay 
interne. Elle est beaucoup moins dense au niveau des 
lames médullaires et du pallidum lui-méme. Le noyay 
rouge, le locus-niger, les fonctions hyperchromiques de 
la calotte ne présentent pas d’anomalies importantes, 
Le corps de Luys présente une gliose astrocytaire dense 
dans toute son étendue et de la méme densité que celle 
du noyau externe de la couche optique. Le plafond du 
troisi¢me ventricule, le plancher bulbaire, les régions 
sous-piales du tronc cérébral montrent une gliose 
marginale ancienne. Par contre, les olives surtout les 
lamelles dorsales offrent une gliose fibrillaire isomorphe 
certainement anormale a cet Age. 

On trouve de méme dans toute l’étendue de la moélle 
mais surtout dans la région dorso-lombaire, une gliose des 
cordons de Goll et de Burdach, et une trés légére gliose 
des deux voies pyramidales croisées (fig. 6). Celle-ci se 
retrouve encore dans le bulbe, mais se perd dans la 
protuberance. Le cervelet offre au niveau des zones de 
division des lamelles et a l'extrémité de celles-ci une 
gliose fraiche diffuse et péricapillaire, 4 gros astrocytes 
riches en prolongements. Une légére gliose fibrillaire 
s’observe dans les lamelles du N. dentelé et son hile, 
mais elle est peu importante en comparaison de celle de 
la substance blanche axiale. 

Systeme nerveux périphérique.—Les ganglions spinaux, 
les nerfs périphériques, les nerfs intra-musculaires sont 
indemnes. Les ganglions stellaires, le ganglion de 
Gasser, les ganglions du plexus solaire ne montrent 
aucune altération. 

Les muscles ne montrent pas de lésions. 

Organes viscéraux:; sauf une atrophie testiculaire par 
sclérose interstitielle rien de particulier. 


La topographie des lésions doit d’abord étre pre- 
cisée: sur les grandes coupes myéliniques le paleur 
tres légere de l’axe blanc occipital, frontal et du 
pallidum avaient déja retenu notre attention, quoiqu’ 
elle ne fut en rien comparable aux lésions myéli- 
niques observées dans le cas de De Busscher ni dans 
celui de Bodechtel-Guttmann. 

Cette trés légére paleur contraste avec une gliose 
fibrillaire dense, récente, anisomorphe, surtout 
marquée dans les régions sous-corticales et aux 
extrémités de la substance blanche des circonvolu- 
tions. Le centre ovale et l'album cérébelleux, qui 
ont un aspect myélinique normal, sont aussi le siége 
d’une gliose repartie par plages, plus denses prés des 
ventricules. 

Quant aux systémes myéliniques intra-corticaux, 
la raréfaction porte surtout sur les systemes tan- 
gentiels superficiels et moyens (fig. 7), mais aussi cet 
éclaircissement ne frappe que par comparaison du 
niveau avec celui d’une coupe témoin. Les lésions 
axiales, sur les coupes cytologiques sont surtout 
localisées aux régions préfrontale, orbitaire, centrale 
antérieure et occipito-angulaire et cela des deux 
cdtés, quoiqu’elles soient plus intenses dans I’hémi- 
sphére gauche. Les régions calcarine, pariétale et 
temporale sont peu sinon pas touchées. Les lésions 
corticales sont particuliérement graves dans _ les 
régions préfrontale, frontale, motrice et de lhippo- 
campe. 

Le pallidum, le corps de Luys, le noyau rouge 
sont atteints modérément. Les noyaux médians et 
dorsaux de la couche optique, les noyaux propres 
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Raréfaction des systemes 


Dome FI. 
tangentiels superficiels et moyens et, 42 un moindre degre, 
des fibres radiaires (Spielmeyer) (Congelation). 


Fic 7.—Cas I. 


du pont, les olives présentent des altérations dis- 


‘crétes, mais toutes ces formations y compris le noyau 


de Burdach, le noyau réticulé du pont, les noyaux 
végétatifs de III, les formations compactes hypotha- 
lamiques, la zone incerta, les cordons postérieurs et 
les voies pyramidales croisées, dans leur trajet bulbo- 
médullaire, sont le siége d’une gliose cellulaire et 
fibrillaire indubitable et frappante. Le nerf optique 
est le siége d’une infiltration sous-piale et arach- 
noidienne qui se continue au niveau de ses septa. 

Quant a la structure histopathologique de ce pro- 
cessus, aussi bien au niveau de l’écorce que dans le 
centre ovale, la gravité du processus parenchymateux 
est hors de proportion avec la gravité et P’étendue 
de infiltration glio-mésenchymateuse. Les lésions 
parenchymateuses de l’écorce sont, a ce point de 
vue, équivalentes a celles de l’'axe blanc mais l’em- 
portent sur celles des autres étages du névraxe. 

Les infiltrations vasculaires de l’écorce sont telle- 
ment frappantes qu’on croirait au premier abord 
étre en présence d’une paralysie générale, impression 
renforcée par la présence de nombreux plasmato- 
cytes dans la formule des périvascularites. Les 
altérations cellulaires sont moins graves au premier 
abord et, si lon retrouve un certain nombre de 
figures de neuronophagie, d’englobement ou de 
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substitution, on a l’impression qu’il s’agit seulement 
d’unités cellulaires. A un plus gros agrandissement, 
on voit que la plupart des éléments cellulaires sont 
mal imprégnés et altérés, et que leur raréfaction est 
indéniable mais camouflée par la surcharge gliale. 

Dans le centre ovale ou les coupes myéliniques 
par la méthode de Spielmeyer, les coupes par la 
méthode de Bielschowsky montrent la rareté des 
lésions axonales, l’absence de tout produit de dés- 
intégration dans les coupes par les graisses est égale- 
ment frappant. A leur intensité prés, les mémes 
lésions avec les mémes caractéres se retrouvent au 
niveau de l’étage strié et du tronc cérébral. Linfil- 
tration glio-mésenchymateuse dépasse largement 
les demandes de la désintégration: il est impossible 
de parler d’une inflammation symptomatique: on 
est certainement, aussi bien dans l’écorce que le 
centre ovale, en présence d’une inflammation 
autonome et primairé. C’est a cette réaction 
primaire qu’il faut rapporter ce fait que l’écorce est 
littéralement submergée d’éléments en batonnets 
dans toutes ses couches, que l’axe blanc est bourré 
d’oligo-et de microglie, méme de macroglie fibreuse 
dont un certain nombre présentent des altérations 
regressives et que partout on découvre des infiltra- 
tions intre- et extra-adventitielles a lymphocytes et 
plasmatocytes. 

Cette réaction glio-mésenchymateuse coexiste 
avec une organisation fibrillaire dont la densité et 
l'ancienneté sont variables mais qui en jalonne 
exactement I’étendue. 

Le cervelet, au centre de ses lamelles, l’olive au 
niveau de sa lamelle dorsale et du hile, le nerf 
optique, les cordons de Goll et de Burdach, les 
voies pyramidales bulbo-médullaires présentent en 
effet une gliose fibrillaire franche mais sans infiltra- 
tions périvasculaires et gliales progressives com- 
parables a celle de l’axe blanc ou de l’écorce. Cette 
gliose est méme toute récente dans le cervelet. 

Il est difficile d’admettre que l’absence de réac- 
tions mésenchymateuses dans ces territoires soit due 
a l’'ancienneté du processus infiltratif. [1 suffit pour 
s’en convaincre de comparer a ces niveaux, du point 
de vue de sa densité, une zone de sclérose gliale 
choisie dans un territoire axial cérébral ou le pro- 
cessus infiltratif est réellement en voie de regression. 
La les réactions périvasculaires ont sans doute dis- 
paru, mais il subsiste 4 leur emplacement une gliose 
épaisse anisomorphe a renforcements juxta-vascu- 
laires et non une gliose fibrillaire isomorphe et 
diffuse. 

Nous considérérions plus volontiers ces lésions 
médullaires comme des dégénérescences autonomes 
liées au processus inflammatoire primaire, sans étre 
directement conditionnées par les foyers, analogue 
par exemple aux dégénérescences cordonales bien 
connues de la paralysie générale. 

Observation I1—Chez un garcon agé de 14 ans 
et certainement prédisposé, au point de vue névro- 
pathique, une peur violente a amorcé l’évolution 
d’une affection qui se présente d’abord comme une 
psychose émotionnelle grave (stupeur, indifférence, 
manifestations de terreur puérile, refus de s’ali- 
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menter, pleurs, tremblement), mais, trés rapidement, 
on assiste a l’apparition de troubles du langage. 
Le langage se réduit 4 quelques phrases bréves, puis 
a des mono-syllabes, en méme temps qu’apparait 
une démarche bizarre, rappelant l’astasie-abasie 
hystérique avec une attitude digitigrade. Dans cet 
appauvrissement du langage, il ne survit aucune 
formule archaique comme dans le cas précédent. 
A l’atteinte précoce et rapide des formules kinétiques 
du langage s’oppose une conservation assez pro- 
longée de l’intelligence de langage parlé. Le déficit 
du langage s’accompagne d’une atteinte rapide de 
lactivité gestuelle, avec ici aussi, une survivance de 
gestes pseudo-volontaires itératifs. Il n’a pas été 
possible de se rendre compte, tant l’evolution fut 
courte, de incidence d’une apraxie idéomotrice ou 
dune agnosie visuelle. A Ilhypertonie globale, 
avec des répartitions toniques d’attitude rappelant 
l’automatose, s’ajoute trés tot une inhibition de tous 
les automatismes primaires de la mastication, de la 
déglutition, de la phonation. Vers la fin de la vie, 
les automatismes de la station debout et de la 
marche ont disparu et des manifestations épilep- 
tiques se déclanchent, d’aspect extrapyramidal, 
cadrant bien avec des attitudes de décérébration 
segmentaire. L’hypertonie elle-méme a les carac- 
teres décrits dans notre précédente observation. 
L’ensemble de l’affection n’a duré que trois mois. 


Etude histologique 


Technique.—Grandes coupes des hémispheres-celloidine: 
Nissl, Weill, Achucarro; a congelation, Spielmeyer, 
Holzer, rouge écarlate, Bielschowsky-Reumont, bleu de 
Turnbull, Crésylviolet. 

A. Topographie.—Les préparations cytologiques de la 
région préfrontale montrent une infiltration périvascu- 
laire a manchons denses autour de quelques capiliaires 
et veines moyennes de l’écorce, surtout en II-III et une 
légére prolifération juxta-capillaire en I-II. Un certain 
nombre de capillaires infiltrés issus de la leptoméninge 
sont visibles, plongeant dans l’écorce sur l’étendue de 
deux ou trois couches. Il y correspond par places 
une infiltration souspiale. La substance blanche pré- 
sente une gliose cellulaire augmentée au niveau de 
Pextrémité des axes des circonvolutions, avec des réac- 
tions périvasculaires, des nodules gliaux et des infiltra- 
tions diffuses extra-adventitielles dans toute l’étendue de 
la région préfrontale. 

La coupe suivante passe par la partie antérieure des 
noyaux gris centraux. Le chiasma, la commissure 
blanche antérieure, la capsule interne, le pallidum et le 
putamen, le noyau caudé sont intacts. Des vaisseaux 
infiltrés occupent la région préoptique, la substance 
perforée antérieure, la région de la strie terminale, 
lavant-mur et le noyau amygdalien. L’uncus est déja 
plus infiltré, mais dés qu’on arrive a la circonvolution 
fusiforme et temporale inférieure les lésions deviennent 
encore plus frappantes. Dans la substance grise on 
note alors la présence d’infiltrations périvasculaires en 
II-III avec en III et VI des figures de neuronophagie, des 
vaisseaux infiltrés qui traversent toute l’écorce. Il y a 
aussi une infiltration diffuse et périvasculaire de l’axe 
blanc de P1 et T2 surtout dans la région sous-corticale. 
Plus intense encore en TI, les lésions diminuent d’in- 
tensité dans la partie inférieure de F3 et ne se voient 
plus dans l’axe blanc de FA. Dans l’axe blanc du 
dome de F2-F1 et de la circonvolution callosomarginale 
on voit simplement une infiltration modérée, diffuse et 
périvasculaire, mais partout l’écorce est respectée. Les 
radiations des corps calleux sont également infiltrées 
modérément. La coupe suivante passe par la partie 
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Fic. 8.—Cas. 2. Vue d’ensemble des lésions méningées 


corticales et axiales dans la région temporale (TI) (Niss!) 
(Celloidine). 


moyenne des noyaux gris centraux. La region frontale 
et Pa ne présentent qu'une atteinte axiale discréte. Les 
lésions s’accentuent dans les circonvolution temporales 
et surtout dans la circonvolution fusiforme. L’hippo- 
campe est peu altérée. Les tubercules mamillaires, le 
trigone, la zone incerta, les noyaux thalamiques antérieur 
et interne présentent des infiltrations périvasculaires et 
diffuses plus marquées. Les noyaux gris centraux sont 
encore trés modérément lésés, de méme l’avant-mur. 

La coupe suivante passe par le plan du locus niger. 
De la circonvolution cel loso-marginale 4 Fa, les lésions 
axiales gagnent rapidement en gravité. Elles sont trés 
intenses dans l’écorce de Pa et Fa, et dans l’axe blanc 
de Pa. Plus graves encore en TI (fig. 9) et T2, pow 
s’atténuer un peu en T3 aux approches de la circon- 
volution fusiforme. Elles sont minimes dans l’hippo 
campe et l’avant-mur. Les noyaux gris centraux son‘ 
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Fic. 9.—Cas 2. Vue d’ensemble des nodules gliaux et 
des infiltrations perivasculaires qui farcissent la substance 
blanche en PI (Nissl) (Celloidine). 


peu atteints. On voit quelques réactions perivasculaires 
dans le pallidum au voisinage de la capsule, dans la lame 
meédullaire interne, dans la partie dorsale du putamen, 
le noyau antérieur de la couche optique, le pied du 
pedoncule, les fibres du trigone et les restes de la racine 
du Ill. L’infiltration de la commissure rayonnante est 
modérée et a surtout une caractére diffus. La coupe 
Suivante passe par le plan postérieur du pulvinar et la 
region prétectale. Le corps calleux présente toujours 
une infiltration franche. Celle du centre ovale contraste 
avec la discrétion des lésions corticales. Les lésions de 
la substance blanche s’accentuent en Tl, T2, surtout 
13, diminuent au niveau fusiforme et sont presque 
absentes dans I’hippocampe sauf dans le faisceau denté 
et Peeillet terminal. Les altérations sont dans la partie 


latéro-ventrale du pulvinar aussi graves qu’en T3. Elles 
sont moins grossiéres dans la région tectale. Le tuber- 
cule quadrijumeau postérieur, la calotte, la commissure 
grise antérieure présentent des périvascularites modérées 
et on voit dans la substance grise antérieure périaqué- 
ductale des figures d’englobement cellulaire typiques. 

La derniére coupe intéresse la région calcarine. Les 
lésions sont modérées dans la substance blanche au 
niveau du pli courbe, des circonvolutions T2 et T3. 
Elles sont plus intenses en Ol, O2, O3 et Tl, mais 
n’atteignent pas la gravité de celles qu’on observe dans 
les tranches précédentes. Le cervelet est dans l'ensemble 
peu altéré. De ci, de la une figure de sclérose lamellaire 
dans l’écorce. Par contre la toison, a un léger degré, 
et le hile, d’une maniére fort nette et diffuse, sont le siége 
d’infiltrations périvasculaires. La lame dentelée elle 
méme présente des figures de neuronophagie. Les 
noyaux du toit sont infiltrés et pauvres en cellules. Le 
reste de l’axe blanc est normal. 

Tronc cérébral: le noyau réticulé de la calotte présente 
de grossiéres altérations cellulaires. Dans les noyaux 
ventraux du pont, on observe quelques nodules d’infil- 
tration et des réactions, périvasculaires récentes, de 
méme dans la racine du trijumeau visible 4 ce niveau. 
Plus bas: lésions cellulaires dans les noyaux arqués, les 
lames principales des olives et les noyaux sensitifs du 
trijiumeau. Moelle: quelques nodules gliaux dans la 
substance blanche cordonale et les racines. Ganglions 
racines, queue de cheval et nerfs périphériques: in- 
demnes. 

B. Histopathologie—Les coupes 4 congélation par la 
méthode de Spielmeyer montrent une démyélinisation 
trés discréte, uniforme dans les régions frontale et occi- 
pitale, un peu plus marquée dans la région temporale 
surtout en T3 et dans la circonvolution fusiforme; dans 
la capsule interne; le lobule paracentral et le hile du 
noyau dentelé. Elle se présente sous forme de trois 
languettes plus claires dans les noyaux médian et interne 
de la couche optique. 

A un plus gros agrandissement, les fibres ont simple- 
ment perdu leur colorabilité et les renflements qu’on y 
observe ne sont probablement que des artefacts. Dans les 
Bielschowsky-Reumont, les axones ne montrent pas non 
plus de grossiéres altérations. Dans les coupes au 
Rouge Ecarlate, on trouve, de ci de la, autour d’un 
capillaire une couronne incomplete de corps granuleux 
au stade soudanophile mais cette éventualité est encore 
rare. On ne trouve aucun corps granuleux libre. La 
neuroglie fixe ne montre pas de gouttelettes réfringentes. 
Seul le protoplasme de quelques astrocytes est tatoué de 
trés fines granulations graves a peine visibles. Il n’y a 
que dans le segment externe du pallidum qu’on observe 
une surcharge graisseuse marquée de la glie fixe et dans 
le segment interne de ce noyau qu’on observe une 
quantité un peu plus importante de corps granuleux 
périvasculaires. 

Pour les zones démyélinisées, on note, dans les Holzer, 
une gliose fibrillaire isomorphe, a renforcement peri- 
vasculaire, d’ailleurs pas trés dense et avec peu d’astro- 
cytes. Les pinceaux gliofibrillaires sont un peu plus 
denses dans l’avant mur, l’anse lenticulaire, les lames 
médullaires interne et externe du strié, la capsule et le 
hile des olives bulbaires. La gliose sous-épendymaire 
est un peu trop dense pour l’4ge du sujet au niveau des 
troisiéme et quatriéme ventricules. La gliose fibrillaire 
est souvent renforgée au niveau des fibres en U mais pas 
toujours. Elle déborde dela dans les couches V-VI, 
mais ne se prolonge pas au de la dans l’écorce. Elle est 
souvent plus dense encore au niveau des zones triangu- 
laires ou la substance blanche de I’axe d’une circonvolu- 
tion s’insére sur la substance blanche du centre ovale. 

Les lésions cellulaires consistent avant tout dans une 
homogénéisation et des lésions ischémiques. La pre- 
miére est bien nette au niveau des cellules du dentelé et 
de l’olive, la seconde dans les couches II-III de l’écorce. 
Il y a de nombreuses figures de pseudo-neuronophagie 
et de neuronophagie vraie aussi bien dans l’écorce que 
dans le dentelé, l’olive, les noyaux reticulés, etc... . 
L’ensemble de ces lésions cellulaires n’est cependant pas 
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frappant et les raréfactions demeurent toujours modé- 
rées. 

Ces altérations cellulaires coexistent avec une pro- 
lifération gliale faite de microglie satellite, de nodules, 
d’étoiles gliales, de synplasmes d’astrocytes et surtout de 
cellules en batonnet. Celles-¢i infiltrent toute ’épaisseur 
de l’écorce avec des variations de densité. Un certain 
nombre de plasmatocytes libres s’observent parmi les 
éléments lymphocytaires juxta-vasculaires ou juxta- 
cellulaires. Les nodules gliaux de la substance blanche 
sont souvent juxta-capillaires mais ils peuvent étre in- 
dépendants. A ce niveau, la réaction gliale est composée 
d’astrocytes, de rares oligodendrocytes et de rares 
cellules en batonnet. Pas de corps granuleux. 

La formule perivasculaire intra-et extra-adventitielle 
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comporte a coté de lymphocytes, des plasmat cytes 
typiques et de toute taille. Il en est ainsi dans le \epto. 
méninge. A un certain nombre d’endroits dans celle. 
ci On trouve des cellules gliales ou hématogénes Chargés 
de pigment hématique. On peut voir d’ailleurs dans 
une leptoméninge un peu épaissie, a certains endroits 
des Iésions hémorragiques fraiches. Les plexus cho. 
roides présentent une infiltration périvasculaire minime, 


La topographie de cette démyélinisation trés dis. 
créte coincide avec la localisation des lésions infil- 
tratives axiales: l’affection atteint avant tout les 
régions temporales et centrales et décroit, de 1a, vers 
les ples antérieur et postérieur du cerveau. Les 





Fic. 10.—Cas. 2. Vue d’ensemble des lésions du corps strié: intégrité du putamen, sauf infiltration péricapillaire 


surtout au niveau des fibres putamino-pallidales et des lames médullaires. 


Raréfaction des celluies ganglionnaires 


du pallidum surtout le segment interne avec gliose légére de la capsule (Nissl) (Celloidine). 
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circonvolutions temporales supérieure et moyenne 
sont parmi les plus atteintes. 

Linfiltration s’étend, de la, dans la couronne 
rayonnante et les radiations calleuses. Ce sont ces 
mémes régions qui présentent les altérations corti- 
cales les plus caractéristiques: au niveau de ces 
jésions Certicales les systemes tangentiels superficiels 
et profonds sont également éclaircis. Les noyaux 
interne et dorsal de la couche optique, le corps de 
Luys, le noyau réticulé de la calotte, le pulvinar, le 
tubercule mamillaire sont fortement atteints. Les 
olives bulbaires, le noyau dentelé, le sont beaucoup 
moins. Le strié, la zona incerta, les noyaux arqués 
le sont fort peu. Si la moelle est intacte pratique- 
ment, on trouve cependant des étoiles gliales dans 
les cordons et de petites infiltrations dans les racines 
des nerfs craniens (V—VIII) et méme des racines 
spinales. Les gaines myéliniques ne sont pas dé- 
truites elles prennent simplement trés mal la laque 
hématoxylique. Il n’y a aucun produit de désinté- 
gration décelable et les axones sont intacts. Il n’y 
a nulle part de dégénérescence secondaire. 

Le processus vasculaire entraine, dans l’écorce, des 
lésions cellulaires ischémiques et se traduit, par des 
lésions homogénéisantes des cellules de Purkinjé et 
du noyau dentelé, par les aspects de sclérose lamel- 
laire et des armatures gliales dans l’écorce cérébel- 
leuse. 

Il faut faire une place a part a l’atteinte élective 
du segment interne du pallidum (fig. 10); raréfaction 
tres avancée des éléments propres et présence d’une 
glie fixe chargée de produits graisseux, nombreuses 
figures d’englobement des élements propres qui ont 
survécu. Le segment interne a perdu lui aussi ses 
éléments propres, il est chargé de glie fibreuse mais 
on n’y voit que trés peu de neuroglie fixe chargée de 
graisse. Ici les produits de désintégration sont déja 
périvascularisés. 

Les territoires atteints sont organisés pas une 
gliose fibreuse isomorphe modeérée (fig. 11). Les 
formules d’infiltration axiale et corticale sont in- 
dentiques a celles de l’observation précédente et la 
réaction encéphalitique est ici aussi strictement 
primaire. 

Observation III—Agé de 5 ans }, c’est la troisiéme 
de six enfants. L’ainé est mort a lage de 12 ans 
de convulsions au cours de la rougeole. Le second 
enfant est 4gé de huit ans et est b.p. Le quatri¢éme 
est A4gé de 4 ans et b.p. Le cinquiéme est mort a 
l’Age de 2 ans } de convulsions suites d’entérite. La 
sixiéme est 4gée de 14 mois et présente fréquemment 
des troubles digestifs. 

Le pére et la mére sont bien portants. 
eu plusieurs accés d’asthme et d’urticaire. Du cote 
paternel, il y a deux fréres célibataires. L’ainé agé 
de 44 ans est atteint de tuberculose pulmonaire, le 
second est atteint de rhumatisme articulaire aigu. 
Du cété maternel, il y a 4 sceurs mariées. L’ainée 
Agée de 38 ans a été opérée de cholécystite. Deux 
enfants b.p. La seconde agée de 36 ans est b.p. et 
a deux enfants dont l'un sourd-muet. La troisiéme 
est la mére de notre enfant. La quatriéme est agée 
de 28 ans et mére d’un enfant atteint depuis sa 


Le pére a 


111 


naissance de manifestations cutanées eczémati- 
formes. 

Née a terme, a marché et parlé dans les délais 
normaux. Coqueluche a trois ans. Entérite a 
trois ans et demi qui a duré pendant deux mois avec 
ensuite un eczéma suintant du cuir chevelu. Depuis 
lors, elle a gagné réguliérement en poids et paraissait 
bien portante jusqu’il y a deux mois. Depuis deux 
mois (10.VI.38) l'enfant est moins attentive, moins 
alerte, mange mal et maigrit. On a incriminé une 
rhinoharyngite mais une désinfection du cavum et 
des amygdales n’a pas amélioré l'état général de 
lenfant pas plus qu’une série de bains de soleil. 

Depuis quatre semaines, en méme temps gue 
l'état général périclite sans qu’on puisse en trouver 
la cause, l'enfant devient plus indifférente, comme 
absente. Elle ne rit et ne pleure plus, ne s’intéresse 
plus a sa mére ni a la servante qui la soigné habi- 
tuellement. Elle ne parle plus. La démarche 
devient raide et maladroite, elle laisse tomber les 
objets qu’elle tient apparemment sans s’en apercevoir 
et présente a quatre reprises des accés épileptiques 
avec perte de contr6le tonique et perte des urines. 
Apres ces crises d’épilepsie elle est pendant plusieurs 
heures inerte et plus torpide qu’habituellement. 

Premier examen le 22.V1I.38.—Torpeur marquée, 
amimie, marche engoncée et inhabile, les jambes en 
hyperextension, tendance au varus équin des pieds, 
alors que la téte tend a s’incliner mollement sur la 
gauche. Impossible d’obtenir une seule réponse. 
Ne s’intéresse pas a ses jouets, mais semble les 
reconnaitre. 

Réflexes tendineux vifs partout, surtout 4 droite. 

Réflexes cutanés normaux. 

Sensibilité: il est difficile de tenir compte des 
résultats de l’examen a cause de l’indifférence et de 
inattention du sujet. 

Epreuves cérébelleuses: négative sauf tendance a 
la rétropulsion dans l’attitude debout. Pas de 
tremblement. 

Nerfs craniens: rien de particulier. 

Fond d’ceil normal. 

Ponction lombaire: P.I. assise 38 cm. terminale 
aprés enlévement de 8 c.c. 12 cm. (Claude). Liquide 
clair contenant 8,2 cellules, 0,50 d’albumine. Ré- 
action de Pandy, Kahn et benjoin colloidal négatives. 

Evolution —Pendant les semaines qui suivent, les 
accés d’épilepsie se multiplient et on voit apparaitre 
de temps a autre des mouvements anormaux sous 
forme de gestes adversifs, de mouvements brusques 
de rétraction d’un membre ou d’un segment de 
membre, de propulsion de la téte en arriére. 

L’enfant devient de plus en plus indifférente et née 
se nourrit que si on lui présente ses aliments. 
Tendance a la mastication et succion rythmiques du 
nourrisson. Quand on lui introduit un doigt dans 
la bouche, persistance de cette mastication méme 
quand la bouche est vide. La démarche sans 
soutien est devenue impossible et l’enfant tombe 
sans aucun geste de défense vers I’arriére. 

Deuxiéme examen (du 6.XI au 16.X1.38).—Elle 
ne reconnait plus ses parents et sa bonne, ne suit 
plus une source lumineuse et ne recherche plus 
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Fic. 11.—Cas 2, 
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Images gliales correspondant a ce niveau ( Holzer) (Congélation), 
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forigine d’un bruit. Par contre, tout éclairage 
violent, bruit, ébranlement du lit, pincement brusque 
de la peau, déclenche des secousses globales d’un 
ou de plusieurs membres avec soulévement et hyper- 
extension comme si elle voulait fuir ou se protéger 
contre un coup venant du dehors. Ces décharges 
motrices s’'accompagnent d’une rotation de la téte 
a droite ou a gauche avec inclinaison de la téte sur 
lépaule et parfois rotation du corps dans le sens 
amorcé par la rotation céphalique. 

Nous avons assisté a huit accés épileptiques 
spontanés débutant par une rotation de la téte a 
droite avec déviation conjugée des yeux. Les globes 
oculaires, les paupiéres, les ailerons du nez, la 
commissure labiale droite sont alors animés d’un 
frémissement rapide aux environs de 100-140 
secousses par minute. Ces décharges durent dix a 
quinze secondes, en méme temps que l'enfant palit, 
puis se cyanose. On voit alors quelques secousses 
cloniques dans les membres supérieurs, tantot 
droits, tantot gauches, puis le corps se raidit en arc 
de cercle en méme temps qu’apparait une cyanose 
intense du visage et des lévres. A cette crise opisto- 
tonique se combine un enroulement axial horaire 
ou antihoraire avec hyperflexion, adduction de la 
cuisse et rotation interne du pied. Pas de perte des 
urines. Les réflexes tendineux sont extrémement 
vifs, les cutanés conservés. Pas de signe de Babinski. 
Pas de réflexes toniques du cou, ni de décérébration. 
Légére raideur de la nuque sans signe de Laségue, 
ni contracture rachidienne. Pas de troubles des 
nerfs craniens. Salivation abondante. Mydriase. 
Fond d’eil normal sauf une légére hypérémie 
veineuse. 

Une P.L. montre un liquide clair 4 la pression 
initiale de 28 cm. en position couchée, au Claude, 
contenant 3,2 cellules et 0,36 d’albumine. 

Evolution.—Vers la findu mois de juin (29.XI1.38) 
l'état de l'enfant s’aggrave et nous le revoyons chez 
lui: il est absolument rigide, trés émacié, les ventres 
musculaires du thorax et de l’'abdomen sont anorma- 
lement saillants et leur saillie est encore rendue plus 
nette a cause de la maigreur. Les secousses cloniques 
sont incessantes et entraiment des déplacements des 
membres. L/’attitude adoptée spontanément est une 
sorte d’attitude foetale. Pas d’aspect de décérébra- 
tion. Aphonie. Mastication et déglutition auto- 
matique persistantes. II ne prend plus la nourriture 
et n’ouvre plus la bouche quand on approche les 
aliments. 

Il n’ouvre la bouche que quand on déprime 
légérement le maxillaire supérieur et l’ouverture est 
alors démesurée avec une propulsion automatique 
de la langue en avant et a gauche et une élévation 
démesurée du voile comme s’il allait bailler. Il 
n’avale pas detravers. Le réflexe du clignement 4 la 
menace a disparu. Les réflexes toniques du cou ni 
de décérébration n’existent plus. Pas de réflexes 
d’automatisme medullaire. Il ya un grasping reflex 
aux deux membres supérieurs typique. 

Les accés épileptiques généralisés sont plus rares, 
par contre les mouvements de rotation axiale sont 
amorcés par les excitants sensoriels beaucoup moins 
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puissants que ceux qu'il était nécessaire de mettre 
en ceuvre auparavant. 

Le fond d’ceil demeure normal: il n’y a pas de 
stase papillaire. Une dizaine de jours plus tard 
(le 13 janvier) la contraction avec enroulement 
Jatéral est permanente. L’enfant ne se nourrit plus. 
Il n’y a pas de roue dentée, la contracture n’est pas 
plastique. La mydriase est plus marquée et les 
pupilles réagissent a peine a l’excitation lumineuse. 
Elles ne réagissent pas au pincement le plus énergique 
de la peau du cou. 

Incontinence des urines et des matiéres fécales. 

Il meurt le 17.1.39. 

Une autopsie du cerveau put étre obtenue au 
domicile du petit patient et fut pratiquée quatre 
heures aprés la mort. 

Chez cette fillette de cing ans et demie, les pre- 
miers troubles remarqués furent un amaigrissement 
progressif et une indifférence croissante. Elle parla 
de moins en moins, sembla ne plus reconnaitre son 
entourage, devint de plus en plus maladroite. 
Apparurent ensuite des crises épileptiques, aux- 
quelles s’ajouterent bient6t des mouvements cloni- 
ques globaux, reproduisant des gestes et des attitudes 
d’apparence volontaire, puis des automatismes 
d’enroulement axial. On vit apparaitre, en méme 
temps, une mastication automatique, des mouve- 
ments d’abaissement réflexe du maxillaire inférieur 
avec propulsion linguale et relévement du voile du 
palais, fragments d’un baillement. Les automa- 
tismes de la marche, de l’attitude debout, le réflexe 
de clignement a la menace, les réflexes hyper- 
algésiques disparurent insensiblement alors qu’un 
** grasping reflex ’’ bilatéral s’installait. Aux auto- 
matismes moteurs d’abord déclenchés par toutes 
sortes d’excitants sensoriels ou proprioceptifs se 
substitua enfin une contracture permanente avec 
torsion axiale, contracture sans roue dentée, mais 
plastique et globale. L’état du fond d’ceil, du sang, 
du liquide, ne montrait rien d’anormal. La maladie 
évolua vers la mort en l’espace de cing mois et 
demi. 

L’inspection de la coupe du cerveau ne montrait 
aucune anomalie en particulier aucune néoplasie, 
ni affection vasculaire, ni aucune induration sus- 
pecte de la substance blanche. II y avait un dégré 
modéré d’hydrocéphalie a vacuo de tout le systéme 
ventriculaire. 


Etude histologique 


Techniques.—Grandes coupes des hémisphéres-cel- 
loidine: Nissl, Achucarro; congélation: Spielmeyer, 
Rouge-Ecarlate, Holzer, Bielschowsky-Reumont, Turn- 
bull, Crésyl-violet. 

A. Topographie.—Les lésions de la substance blanche 
atteignent toute l’étendue des deux hémisphéres mais 
particuli¢rement des régions pariéto-occipitales et mo- 
trices. Elles sont les plus graves au niveau des régions 
les plus caudales. Elles se retrouvent dans le corps 
calleux, la capsule externe et extréme, le tapetum, les 
radiations optiques de Gratiolet: 4 tous ces niveaux, 
elles sont cependant plus atténuées qu’au niveau de la 
zone des fibres. en U. 

Les lésions corticales sont plus importantes que celles 
qu’on observe dans la sclérose diffuse hérédodégénérative. 
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Elles débordent la zone motrice vers l’avant et atteign- 
ent les régions préfrontales des deux cétés. Les 
lésions corticales sont moins grossiéres au niveau des 
champs occipitaux, du pli courbe, de la région ‘pari- 
étale. Le lobe temporal, les circonvolutions fusiforme 
et limbique sont respectées. L’hippocampe présente 
par contre des lésions graves. 

Dans les coupes myéliniques on ne trouve pas les 
lésions auxquelles on s’attendait. C'est a peine si a 
l’extrémité des circonvolutions dans la région préfrontale 
et motrice, on observe une raréfaction discréte, réalisant 
un aspect légérement feutré, par comparaison avec des 
coupes témoins. Ce palissement inégal et par taches, 
sans rapports avec les vaisseaux, s’observe plus distincte- 
ment dans les régions occipitales. Dans toute l’étendue 
des deux hémisphéres cet éclaircissement diffus est plus 
marqué du cdété de la scissure interhémisphérique et a 
la face orbitaire du cerveau que du cété des surfaces 
externes de la convexité. 

Les noyaux gris centraux ne montrent dans les coupes 
myéliniques aucune altération évidente. Les coupes 
cytologiques ne montrent aucune raréfaction cellulaire 
importante dans le pallidum, la couche optique, le strié 
ni les régions hypothalamiques. Le pédoncule cérébral 
est normal au point de vue myélinique et cellulaire, sauf 
des infiltrations gliales et périvasculaires dans les tuber- 
cules quadrijumeaux postérieurs et le locus niger. On 
y voit aussi quelques figures d’englobement et de sub- 
Stitution des cellules ganglionnaires. Dans le cervelet, 
linfiltration gliale intéresse par plages l'album, la région 
juxta dentelée et le hile, les points de division lamellaire, 
les régions immédiatement sous-corticales et les com- 

“missures vermiennes. La protubérance montre au 
niveau du pied une infiltration gliale modérée. Le 
bulbe, les olives, la moélle, le chiasma, ne montrent pas 
de lésions cellulaires ni myéliniques appréciables. 


Fic. 12.—Cas_ 3. F.D. Infiltration 
Quelques plas- 


Nombreuses cellules en batonnets 


Champ frontal 
plasmocytaire des capillaires en II-III. 
matocytes dispersés. 

(Nissl) (Congélation). 
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B. Histopathologie.—Les altérations de lécorce at. 
teignent sutout les couches Ila V. Les cellules ganglion. 
naires sont raréfiées parfois d’une maniére trés consicér- 
able comme le montrent les coupes a congélation 
La plupart des éléments pyramidaux de III a VI y 
ont disparu et dans la couche III on observe, autour 
des restes cellules et des capillaires, de nombreux foyers 
d@ infiltration gliale. A un autre niveau de la région 
frontale les raréfactions se localisent dans la couche III, 
les raréfactions étant plus discrétes dans les couches V et 
VI. Les figures de substitution et d’englobement sont 
ici peu nombreuses. 

Les cellules restantes sont pales, leurs prolongements 
sont mal colorés, les noyaux prennent fortement et 
uniformément les bleus basiques. Dans les noyaux, le 
nucléole seul demeure visible et il est assez souvent frag- 
mente. Le réseau de chromatine n’est plus reconnais- 
sable. Le protoplasme présente au niveau d'un certain 
nombre d’éléments un aspect de dégénérescence amiboide 
et la glie montre la, des altérations caractéristiques. 
Toute l’écorce, méme les couches dont les cellules parais- 
sent intactes est couverte de cellules en batonnet, (fig. 12) 
auxquelles se mélent dans les couches V-VI des cellules 
macrogliales. Les cellules restantes présentent fréquem- 
ment une augmentation numérique et des signes d’acti- 
vation de leurs éléments satellites. Les altérations vascu- 
laires de écorce se continuent dans celles des vaisseaux 
de la méninge molle. Elles sont cependant, et en 
général discrétes et consistent en infiltrations intra- 
adventitielles & lymphocytes et a plasmatocytes, con- 
stituant parfois 3 a 4 épaisseurs de ces éléments. Un 
certain nombre de plasmatocytes sont dispersés dans le 
parenchyme en dehors de ces infiltrats (fig. 12). Dans 
la leptoméninge, il y a en outre des macrophages. Un 
nombre important de capillaires présentent simplement 
des infiltrations plasmatocytaires et, dans leur voisinage, 
on trouve, agglutinés, de petits paquets de ces éléments 
reconnaissables a leur protoplasme basophile et leur 
noyau cCaractéristique. 

Dans les préparations myéliniques on note un éclair- 





Fic. 13.—Cas 3. Axe blanc frontal. Infiltration péri- 
vasculaire intra- et extra-adventitielle 4 lymphocytes et 
plasmatocytes. Macroglie engraissée (Crésyl-violet) 
(Congélation). 
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cissement diffus de l’étage axial qui parait plus mat 
qu’ habituellement. _Cet éclaircissement léger ne respecte 
pas les fibres en guirlande. Dans le ruban cortical lui- 
meme, les réseaux tangentiels superficiels et profonds 
sont éclaircis fortement et les systémes radiaires se 
marquent mal. 

L’axe blanc et surtout la région immédiatement sous- 
corticale, sont le si¢ge d’infiltrations périvasculaires plus 
denses que n’importe ou ailleurs et d’un gliose cellulaire 
épaisse. Les infiltrations périvasculaires sont ici surtout 
nlasmocytaires. Les manchons sont a la fois intra-et 
extra-adventitiels. Ils atteignent souvent une épaisseur 
considérable (fig. 13). 

La glie se compose surtout de macroglie, parfois 
engraissée, de cellules microgliques (en batonnet tres 
frequemment ou en biscuit) et d’oligodendroglie. Celle- 
ci ne montre pas d’altérations regressives particuliére- 
ment frappantes. Les noyaux seuls sont en de nom- 
breux endroits activés. Nulle part on ne voit de cellules 
reticulées, ni de corps granuleuy. 

Dans la région occipitale, on trouve toutefois un cer- 
tain nombre de corps granuleux au stade soudanophile, 
au voisinage des vaisseaux qui montrent les réactions 
périvasculaires fraiches et denses et aussi, mais plus 
rarement dans le parenchyme. Dans cette région on ne 
retrouve plus, sur les Spielmeyer, que des fibres myélini- 
ques fragmentées, ponctuées de boules myéliniques, sur 
un fond décoloré et bourré d’éléments cellulaires. Un 
tel aspect, est exceptionnel. 

Dans les régions frontale, motrices, préfrontales, 
angulaires, la lésion myélinique est extreémement dis- 
créte et on pourrait dire discutable, sauf a lextrémité 
des axes des circonvolutions ou les gaines myéliniques 
peuvent se fragmenter sans qu’on y trouve toutefois des 
corps granuleux. Nous avons dit plus haut, que les 
zones ** feutrées et mates’ de l’axe blanc, n’ont rien a 
voir dans leur topographie avec les vaisseaux. Dans 





A 
Région calcarine. 


Fic. 14.—Cas 3. 
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les Soudan, au niveau des vaisseaux on ne trouve pas 
non plus de produits de désintégration graisseuse dans 
toutes ces régions, contrairement 4 ce que nous avons 
noté dans le pdle occipital. Les axones, par la méthode 
de Bielschowsky, sont dans la majorité respectés sauf au 
niveau de cette méme région occipitale tout a fait 
caudale, c.a.d. la ot se trouvent les rares corps granuleux 
signalés plus haut. Les lésions le plus intéressantes, en 
dehors des Nissl, sont celles qu’on voit dans les coupes 
par le méthode de Holzer (fig. 14a et 5). 

Tout l’axe blanc, mais particuli¢rement les régions 
sous-corticales sont couvertes d’un nappe de gliose 
fibrillaire dense ou se reconnaissent de nombreux astro- 
cytes géants. Cette gliose est comme on devait s’y 
attendre plus massive et plus dense dans les parties 
occipitales surtout du cété médian et ventral de l’axe 
blanc. On voit ici aussi, circuler dans la trame fibril- 
laire, quelques cellules réticulées. Une partie de celles-ci 
dérive peut-étre de l’oligodendroglie, une partie (ce qui 
est confirmé par les Soudan) de la macroglie engraissée, 
une autre partie, la plus importante, de la microglie. 
Les astrocytes ont a ces niveaux, des corps cellulaires, 
épais et de puissantes fibrilles. Ces deux détails sont 
particuli¢rement frappants dans la zone des fibres en 
guirlande. 

L’image dans les Holzer; est différente au niveau des 
régions frontales, préfrontales et motrices. Ici le réseau 
glio-fibrillaire est beaucoup plus ténu, les corps cellu- 
laires des astrocytes sont moins puissants. On n’y voit 
nulle part circuler des éléments réticulés. Les astro- 
cytes ne pénétrent pas dans les couches V-VI comme 
cela se voit au niveau du pole occipital Avec la méthode 
d’Achucarro-Klarfeld, on ne voit nulle part, ni dans 
lécorce, ni dans l’axe blanc, de néoformations vascu- 
laires, ni des réseaux de réticuline. Les préparations 
par la méthode de Turnbull, ne démontrent pas de pro- 
duits sidérophiles, sauf en minime quantité dans les 





(a) pas de raréfaction myélinique (Spielmeyer); (5) gliose dense (Holzer) 


(Congélation). 
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espaces adventitiels de la substance blanche de la région 
caudale des hémisphéres 14 ot nous avons trouvé de 
rares corps granuleux. Si l’on compare les lésions 
cortico-axiales 4 celles du restant de l’encéphale, on est 
aussit6t frappé de la discrétion de ces derniéres. Aux 
infiltrations des régions orales du pallidum et du putamen 
correspond dans les coupes par la méthode de Holzer, 
une gliose modérée des lames médullaires, externe et 
interne, du tiers antérieur du bras postérieur de la cap- 
sule interne. Par contre la capsule externe montre une 
gliose fibrillaire puissante. Deux coupes vertico-trans- 
versales passant l'une par les ponts d’union putamino- 
caudés, l’autre par le tuber et le noyau amygdalien 
montrent un prolongement de la gliose de la couronne 
rayonnante dans les corps calleux, le trigone, le long de 
la substance grise juxta-épendymaire de l’angle latéral 
du ventricule, dans la capsule externe et surtout dans la 
substance blanche des circonvolutions orbitaires fron- 
talles et dans ia commissure antérieure. Dans la calotte 
pédonculaire, 4 cdté des infiltrations périvasculaires, on 
observe une gliose modérée. La gliose cérébelleuse est 
faite d’astrocytes moins denses, moins gros. Dans les 
Nissl il y a surtout de l’oligodendroglie, de la macroglie, 
de rares éléments microgliques mais aucune infiltration 
périvasculaire. Les noyaux ventro-médians de la pro- 
tubérance montrent une infiltration modérée 4 plasmato- 
cytes et surtout a micro-et 4 macroglie. La substance 
grise périaquéductale est le siége d’une gliose modérée 
qu’on retrouve, au niveau du bulbe, sur le plancher 
ventriculaire. Les nerfs optiques dans leur trajet intra- 
cérébral, présentent une gliose isomorphe discréte des 
fascicules les plus périphériques. 


Ici comme dans l’observation I, le contraste entre 
l’importance de la gliose fibrillaire axiale et l’intég- 
rité sinon l’extréme discrétion des lésions des 
systémes myéliniques correspondants est frappante. 
L’aspect trés légérement feutré de la substance 
blanche du pdle occipital dans les préparations 
myéliniques passerait inapergu si nous ne l’avions 
recherché systématiquement. La gliose fibrillaire 
anisomorphe est au contraire puissante, dense 
quoique s’atténuant d’arriére en avant. Les 
systémes myéliniques intra-corticaux et radiaires 
sont franchement éclaircis. Ces lésions sont 
symétriques aussi bien dans l’écorce que dans la 
substance axiale et diminuent d’arriére en avant 
mais elles se retrouvent jusque dans les régions pré- 
frontales. Le pdle temporal est quasi épargné ainsi 
que les circonvolutions limbiques et fusiformes, par 
contre, ’hippocampe est gravement atteinte. 

Les noyaux gris centraux, le pédoncule, le noyau 
rouge, le corps de Luys, les formations hypo- 
thalamiques sont indemnes, sauf certaines glioses 
mais fort discrétes, qui couvrent les ponts d’union 
putamino-caudés, les capsules, la calotte pédoncu- 
laire, et dont certaines doivent étre considérées 
comme lintégration de lésions de la couronne 
rayonnante. 

Les lésions axiales l’emportent en gravité sur les 
lésions corticales qui ne sont pas aussi importantes 
que celles de notre observation I, mais d'une 
formule absolument identique. 

Au niveau de l’écorce, linfiltration glio-mésen- 
chymateuse déborde sur les lésions ganglionnaires. 
Dans doute, les infiltrations périvasculaires ne sont 
elles pas aussi denses que dans l’observation I, mais 
elles s’observant a un degré qui n’est pas justifié par 
la gravité des lésions cellulaires. Il en est de méme 
des infiltrations gliales et en particulier de cette 
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vague de cellules en batonnet qui couvre 1’ orce 
dans toute sa hauteur et qui est aussi dense que 
celle que nous avons observé dans notre obserya- 
tion I et dans l’observation De Busscher. tant 
donné la moins grande fréquence des figures de 
substitution et d’englobement, la moins grande 
densité des nodules et symplasmes gliaux péricelly- 
laires ou péricapillaires, la raréfaction moindre des 
couches cellulaires, on peut dire que dans cette 
seconde observation le processus cortical est cer- 
tainement moins grave que dans la premiére. Par 
contre, au niveau du pdle occipital, le processus 
differe de celui observé dans notre cas I par un 
début d’atteinte des systémes myéliniques axiaux. 

Nous trouvons en effect des corps granuleux peu 
nombreux, mais authentiques, des altérations 
myéliniques non douteuses dans la partie la plus 
caudale du pole occipital et les produits de désin- 
tégration n’y font plus tout a fait défaut comme 
dans notre premiére observation. A ces lésions 
myéliniques débutantes correspondent d’ailleurs de 
discrétes lésions axonales, mais, ici encore, la 
réponse glio-mésenchymateuse dépasse largement 
les bésoins de la désintégration. Au niveau du 
cervelet, du pont, du nerf optique, la réaction gliale 
isomorphe ne s’accompagne d’aucune infiltration 
périvasculaire ni d’aucune altération myélinique et 
nous nous demandons s’il ne fait pas considérer les 
rapports de ces derniéres lésions avec le processus 
cortico-axial des hémisphéres du méme point de 
vue dont nous avons considéré, dans notre premier 
cas, les altérations des connexions olivo-cérébel- 
leuses optiques et médullaires, c.a.d. comme des 
réactions dégénératives autonomes, liées au pro- 
cessus fondamental, mais non directement causées 
par les foyers. 


III. Semiologie neuro-psychiatrique 


Dans Vordre clinique, il est indiscutable que 
notre troisiéme observation s’inscrit, a la suite de 
celles étudiées avec De Busscher, Dellaert et Maere, 
dans la classe des cas de Bodechtel et Guttmann. 
Nous en avons caractérisé la sémiologie dans nos 
travaux précédent et rappellerons seulement, pour 
mémoire, qu’elle comporte: 

1° une association de crises épileptiques avec 
des clonismes, des hypercinésies plus complexes 
tantot a forme de crises cérébelleuses de Jackson, 
tant6t a forme de chorée ou d’hémiballisme, de 
décharges pseudo-volontaires, voir méme d’auto- 
matose et de torsions axiales. 

2° une désintégration psychique grave et rapide 
avec un noyau agnoso-apraxique et aphasique 
prévalents. 

3° une rigidité se rapprochant par certains cétés 
de la rigidité décérébrée, se généralisant, parfois 
avec opistotonos et, parallélement a cette rigidité, 
une cachexie, elle aussi, progressive. 

4° un début de préférence dans le cerveau gauche 
et, pendant un certain temps, une prédilection des 
altérations pour ce coté. Les symptémes devien- 
nent ensuite bilatéraux. 
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5- absence d’un syndr6éme d’hypertension céré- 
brale au moins sous sa forme caractéristique. 

6° un aspect ophtalmologique comportant par- 
fois une hyperémie veineuse ou une stase. 

7° une évolution fatale, dans un délai qui varie de 
trois a Six mois. 

On serait tenté d’essayer de vouloir séparer une 
telle consteliation de symptOmes de celle qu’on 
observe dans la forme multiloculaire de la sclérose 
diffuse. Nous y avons fait allusion dans nos deux 
mémoires précédents. 


1V. Anatomie et Histologie pathologiques 


1° Les altérations myéliniques ne sont pas, comme 
dans les scléroses diffuses du type multiloculaire, la 
lesion cardinale.—Il est indiscutable que ces observa- 
tions rentrent dans le méme cadre que celle de 
Bodechtel-Guttmann. L’observation Apf. . . de 
Bodechtel et Guttmann comporte une désintégra- 
tion graisseuse importante, hors de proportion avec 
la démyélinisation, des lésions de raréfaction corti- 
cale plus graves que dans notre cas 2, des dégéné- 
rescences médullaires plus étendues, une gliose plus 
dense, des infiltrats périvasculaires et diffus plus 
accentués. Les lésions cérébelleuses y sont du 
méme ordre que dans notre observation I, mais plus 
avancées, les lésions olivaires également mais beau- 
coup plus graves. Par contre, linfiltration axiale 
et de la substance grise n’est pas renforcée dans les 
zones en contact avec des systémes ventriculaires. 
L’observation antérieure publiée avec De Busscher 
appartient au méme groupe: nous en avions analysé 
longuement la structure histopathologique de ce 
processus et n’y reviendrons plus ici. 

‘Elle différe cependant de nos trois cas d’aujour- 
dhui par la présence d'une désintégration myélini- 
que diffuse d’intensité moyenne, localisée surtout 
au pole pariéto-occipital et ne respectant pas les 
fibres en U. C'est celle-ci qui justifie dans le cas 
De Busscher Il’existence d’une formule gliale ou 
coexistent des corps granuleux gliogénes et de la 
macroglie engraissée, prenant méme part au pro- 
cessus de résorption et de transport des produits 


graisseux. Par contre, on retrouve dans cette 
observation, la méme atteinte de lécorce, des 
formations hypothalamiques, de la _ substance 


réticulée, du locus niger, la participation des plasma- 
tocytes diffus et périvasculaires a l’exsudation, la 
présence le cellules en batOnnet dans toute l’écorce, 
le caractére atrophique de la majorité des lésions 
cellulaires, la présence de neuronophagies vraies et 
surtout la disproportion, aussi bien dans l’écorce 
que dans la substance blanche axiale, entre l’atteinte 
du parenchyme et limportante réaction-mésen- 
chymateuse. 

Nous avions dans une note de bas de page, 
insisté, sur ce qui sépare cette observation de celle 
de Claude et Lhermitte (1928). Nous pouvons 
encore ajouter que dans le cas de Claude et Lher- 
mitte, les lésions corticales manquent, que l’affection 
y évolue, dans le centre ovale et les noyaux gris 
centraux, sous forme de petits foyers, a localisation 
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périvasculaire. Dans l’observation De Busscher, 
l’atteinte corticale—la composante encéphalitique— 
est moins grave que dans notre prémiére observa- 
toin, plus grave que dans nos deux autres. Par 
contre, au point de vue des lésions myéliniques, ces 
trois observations se placent dans une hiérarchie 
inverse: aux atteintes graves du lobe pariéto- 
occipital du cas De Busscher, s’opposent les altéra- 
tions a peine décelables, dans la partie caudale du 
lobe occipital de notre observation premiére. 

La présence de produits de désintégration au 
stade soudanophile n’est donc plus une condition 
histopathologique sine qua non, de l’affection et, 
sans notre désir de justifier par la présence d’une 
légére paleur myélinique, nos constatations d’une 
gliose fibrillaire aussi évidente, il est fort possible 
que cette démyélinisation nous eut paru discutable 
tant elle était, dans l’observation I et II, infime. 
Mais une telle constatation est du plus grand intérét 
car nous voici en présence d’une sclérose diffuse 
inflammatoire sans atteinte myélinique. Ces cas 
constituent précisément la catégorie I de Bodechtel- 
Guttmann, mais contrairement a ces auteurs qui 
paraissent en faire une phase précoce d’une sclérose 
diffuse démyélinisante, nous croyons qu’ils réalisent 
un type particulier. 

Si nos observations représentaient des cas a 
évolution extrémement rapide, on pourrait a la 
rigueur admettre que la démyélinisantion y fait 
défaut parce que la cause nocive n’a pas eu le temps 
d’entreprendre le couple myélo-axonal. Dans ces 
conditions, on comprendrait qu’on les considére 
comme des aspects précoces de la forme multilocu- 
laire de la sclérose diffuse. Mais il n’en est pas 
ainsi: les cing observations, que nous comparons 
entr’elles, évoluent environ toutes dans les mémes 
délais. Les deux cas avec atteinte myélinique et 
désintégration graisseuse suffisament importante 
(B. G. et D. B.) évoluent en quatre et cing mois-les 
trois cas ou cette désintégration manque (D. M. (I): 
D. M. (II) et v. B.) évoluent en cing, trois et cing 
mois et demie. Elles présentent toutes, sauf une, 
au niveau du p6le occipital (obs. I]) une prévalence 
de lésions. Dans un cas (obs. II) les lésions pré- 
dominent au pdle temporal. Dans nos 4 cas, les 
lésions axiales myéliniques different totalement de 
ce que l’on observe dans les formes les plus aigues 
du type multiloculaire de la sclérose diffuse, lésions 
que nous avons longuement décrites dans un 
mémoire antérieur. D’autres part, les lésions corti- 
cales que nous venons de décrire, dans nos trois 
cas, dépassent en étendue et en gravité, celles de la 
sclérose diffuse multiloculaire et différent en qualité 
de celles qu’on y observe occasionnellement. 

Pour tous ces motifs, nous considérons les trois 
observations nouvelles que nous publions aujour- 
d’hui ainsi que celles de Bodechtel-Guttmann et de 
De Busscher-van Bogaert comme des formes 
particuli¢res—nous ne disons pas comme des 
maladies particuliéres. 

2° La question des rapports réciproques des altéra- 
tions corticales-axiales- et thalamo-sous thalamiques 
est aussi a envisager.—Certains auteurs n’acceptent 
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pas encore que les lésions corticales puissent exister, 
comme le veut Bodechtel, dans la sclérose diffuse, 
au titre primaire, et les considérent comme secon- 
daires a la grave destruction de la substance blanche 
axiale (Kornyey, 1943) ou bien les mettent sur le 
compte d’altérations vasculaires concommitantes 
(Benoit, 1932). Or, la raréfaction cellulaire diffuse 
s’observe non seulement dans les couches profondes, 
mais aussi dans les couches superficielles. D’autre 
part elle ne peut étre le résultat de lésions axonales 
ou myéliniques puisque ces altérations sont, dans la 
régle, tellement discrétes dans ces cas ci, qu’elles 
passent inapergues avec nos techniques. Sans 
doute certaines raréfactions localisées, évoquent 
elles les trous cellulaires d’origine circulatoire 
(ischémie ou anoxie) particuliérement dans _ les 
couches V-VI parfois en II-III, mais ces éclaircisse- 
ments sont rares en comparaison des altérations 
cellulaires diffuses. Des observations comme celles- 
ci justifient donc pleinement l’opinion de Bodechtel- 
Guttmann et pour nous: écorce et axe blanc sont 
atteints parallélement, dans certains cas, au niveau 
de certains foyers. 

Dans deux de nos observations, il y a en outre 
une gliose importante de certains noyaux thala- 
miques. Ce fait, qui est classique dans la sclérose 
diffuse hérédodégénérative y a recu différentes inter- 
prétations. Le fait qu'elle est discréte parfois 
comme dans notre observation III, alors que, dans 
ce cas, la sclérose du centre ovale est plus dense que 
dans notre observation I, montre déja qu’elle n’est 
pas seulement une conséquence des lésions cortico- 
axiales. Cette gliose atteint surtout le noyau 
interne, 4 un moindre degré, les parties postérieures 
du noyau antérieur, les parties dorsolatérales du 
noyau externe et le pulvinar, mais il n’y a aucun 
rapport entre la gravité ou la répartition des lésions 
cortico-axiales et celles des lésions thalamiques. 

L’interprétation de Bodechtel-Guttmann qui la 
considérent comme un phénoméne autonome se 
produisant la ou normalement il y a déja une cer- 
taine gliose, nous semble donc la plus plausible. 
Cette interprétation cadre aussi avec ce fait remarqué 
par beaucoup d’auteurs, avant nous, qu’il n’y a pas 
de rapports entre limportance de la gliose et 
existence d’altérations cellulaires et myéliniques. 
Il faut expliquer de la méme facon les glioses sous- 
épendymaires du troisiéme et quatriéme ventricule. 
Ces glioses autonomes sont renforgées par l’organisa- 
tion secondaire a l’atteinte encéphalitique. 

3° Les formations grises sous corticales sont aussi 
touchées mais légerément dans nos cas.—Les altéra- 
tions discrétes des cellules ganglionnaires relevées 
dans nos deux cas au niveau du pallidum, du corps 
de Luys, du noyau rouge, des formations hyper- 
chromiques de la calotte, dans l’écorce cérébelleuse 
(cas I), dans les noyaux de la calotte et du pied de 
la protubérance, dans les olives et les noyaux de 
Burdach (obs. I), dans les tubercules quadrijumeaux, 
le locus niger, le centre médian de Luys (obs. III) 
appartiennent pour nous au processus fondamental 
de la maladie, comme nous I’avions déja admis pour 
le cas de De Busscher. 


_ duits de désintégration. 


Elles sont, dans nos trois cas, a l’arriére-plan des 
lésions axiales, mais il n’en est pas nécessairenient 
ainsi. Dans le cas de Bodechtel-Guttmann, il y 
avait une grave atteinte des olives et des noyaux 
arqués, de l’écorce cérébelleuse, des lésions plus 
discrétes dans le noyau réticulé du pont, le locus 
niger et le corps genouillé externe. Elles expliquent, 
a elles seules, l’incidence d’une sclérose d’aspect 
systématisé comme celles des olives de notre obser- 
vation I et II. En raison de lintégrité myélinique 
des nerfs, des racines, de l’intégrité myeélinique et 
cellulaire des ganglions spinaux et de la substance 
grise médullaire, il est impossible de considérer les 
scléroses cordonales de notre observation I, comme 
secondaires. D’autre part, comme la moélle dans 
ce cas demeure ainsi que les ganglions et les nerfs, 
libre d infiltrations périvasculaires ou de foyeis 
gliaux, nous serions enclin 4 accorder a ces altera- 
tions cordonales, la signification de lésions dégénéra- 
tives associées, comparables aux sclérose cordonales 
de la paralysie générale ou de certains cas d’en- 
céphalite épidémique. II ne faut pas oublier cepen- 
dant que de minimes lésions gliales en foyer peuvent 
sobserver dans la moélle, les racines des nerfs 
craniens et spinaux et que la possibilité des lésions 
radiculo-médullaires appartenant au processus leuco- 
encéphalitique inflammatoire lui-méme n’est donc pas 
exclue (obs. II). L’atteinte elective du segment interne 
du pallidum (obs. II) équivaudrait aux scléroses cor- 
donales systématiques et autonomes de l’obs. I. 

4° L’ensemble des altérations que nous venons de 
décrire répond a une inflammation primaire avant 
tout axiale et sclérosante mais aussi de substance grise: 
On y trouve, en effet, réunies des altérations régres- 
sives et un processus exsudatif et infiltratif, ce dernier 
dépassant méme légérement, comme cela se voit dans 
le systéme nerveux central (Spielmeyer), ce qu’on 
s’attendait a voir étant donneé la discrétion des altéra- 
tions. Acette réaction et a l’altération s’ajoute méme 
une autre particularité décrite dans les inflammations 
nerveuses primaires: les dégénérescences autonomes. 

Cette inflammation axiale mérite une place a part 
dans le cadre des scléroses diffuses a la fois par la 
qualité de sa structure et par son type d’extension. 

1. L’infiltration diffuse de ’écorce par des plasmo- 
cytes et des cellules en batonnets, les infiltrations 
par des cellules plasmocytaires, microgliques et 
oligogliques représentent les phases initiales du 
processus morbide et sont particuli¢rement denses 
au niveau de la région sous-corticale. Elles pre- 
cédent ou sont contemporaines des périvascularites 
plasmo-lymphocytaires. Celles-ci, tant au niveau 
du névraxe qu’au niveau des méninges molles, sont 
certainement pour une trés grande part sympto- 
matiques, mais on les observe en dehors des secteurs 
vasculaires répondant aux voies suivies par les pro- 
Elles sont donc aussi pour 
une part autonomes. La désintégration myélinique 
est tardive, trés limitée ou absente. Elle comporte 
une organisation fibrillaire au niveau des zones 
d infiltration initiale dont importance dépasse les 
besoins de la restauration de la statique tissulaire. 
Les lésions myéliniques manquent complétemeni 





dans ! 
démyé 
notre 
des si 
suivar 
du ty} 
2. | 
prédil 
trols | 
ditius 
cortic 
toute 
absol 
5 


sion, 
form 
poss! 
se cl 
proc 
certe 
typh 
ici, | 
une 
la si 
de | 
oliv 
une 
qui 
du 
sou 
dar 
a Si 
glic 
exe 
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dans notre observation II. Quand on surprend la 
démyélinisation en plein déroulement, comme dans 
notre observation avec De Busscher le catabolisme 
des substances myéliniques détruites, s’accomplit 
suivant le type qu’on observe dans la sclérose diffuse 
du type multiloculaire. 

2. Quand au type d’extension de la maladie, si la 
prédilection pour la substance blanche caudale dans 
trois cas sur quatre la rapproche des autres scléroses 
diffuses du type multiloculaire, les altérations extra- 
corticales, thalamo-striées et mésencéphalique, 
toutes localisations de substance grise, l’en séparent 
absolument. 

5° Situation Nosologique.—Par son type d’exten- 
sion, cette affection ne rentre dans aucune des cing 
formes individualisées par Spatz (1935). Il est im- 
possible de la faire rentrer dans la cinquieme, celle ou 
se classe la sclérose en plaques aigue. Elle se rap- 
proche du deuxieme groupe mais plus encore, sous 
certains angles, des lésions qu’on observe dans le 
typhus exanthématique. Nous retrouvons en effet, 
ici, une atteinte corticale 4 nodules gliaux ou mixtes, 
une atteinte des noyaux gris centraux non limitée a 
la substance grise, une atteinte des noyaux pontins, 
de la moléculaire cérébelleuse et méme de la lame 
olivaire. Le processus cortical se développe avec 
une certaine continuité et les réactions méningées 
qui l'accompagnent ont le plus souvent le caractére 
d'une réaction symptomatique au foyer encéphalique 
sous-jacent. Par contre, le processus déborde ici 
dans la région sous-corticale et dans I’axe blanc oi il 
asa plus grande densité. Les formules des nodules 
gliaux sont également différentes de celles du typhus 
exanthématique: elles ne sont pas exclusivement 
microgliales et bon nombre de cellules qui en sont 
cernées sont détruites. Les réactions adventitielles 
ne comportent presque pas de macrophages. 

Si lon fait abstraction des lésions axiales, ce 
processus se rapproche, par ses composantes de 
substances grise, a la fois des troisiéme et quatriéme 
type de Spatz et suivant les niveaux envisagés c’est 
en effet 4 la paralysie générale ou a l’encéphalite 
épidémique qu’on pense a premiére vue. C'est a 
propos de cette combinaison qu’on ne peut s’em- 
pecher d’évoquer la trés spéciale observation de 
Scholz (1923). Il faut dire ici un mot de l’observa- 
tion de Scholz que de Bodechtel et Guttmann 
rapprochent de leur cas Apf . . . et dont les images 
publiées (fig. 1 4 4) du mémoire original, sont d’une 
analogie troublante avec nos cas. Quand nous 
avons discuté la premiére fois, aprés ces auteurs, de 
la position de ce cas, nous l’avons résolument écarté 
de ce groupe a cause de la gravité des lésions 
nigériennes. Or, voici que dans notre observation I 
daujourd’hui nous retrouvons de nouveau des 
lésions nigériennes (plus nettes que dans le cas de 
De Busscher); dans l’obs. I et II, des altérations 
pallidales plus marquées dans le cas de Scholz, avec 
éclaircissement myélinique et gliose, une gliose 
luysienne, accompagnée dinfiltrations périvascu- 
laires, c.a.d. un ensemble de lésions, qui a leur 
intensité pres, évoquent l’observation de Scholz et 
peuvent étre confondues avec les lésions de l’en- 
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céphalite epidémique. Nous serions, pour ces 
motifs, aujourd’hui moins catégoriques a exclure ce 
cas du groupe, dont il est question ici, convaincu 
que, dans des cas comme ceux-ci, les noyaux gris 
centraux peuvent participer d’une maniére primaire, 
avec une intensité variable 4 la maladie axiale, au 
méme titre que l’écorce. Sans doute, l’observation 
de Scholz est-elle cliniquement trés différente et 
concerne-t-elle une femme de 43 ans mais une autre 
observation qui sera l’objet d’un mémoire prochain, 
apporte a ces distinctions, quelques correctifs 
interessants. 

Si dans le groupe des scléroses diffuses, il y a un 
type morbide qui mérite vraiment le num de type 
inflammatoire au point de vue histopathologique, 
c’est bien celui-ci. Nous ne voulons pas conclure 
de ses particularités histopathologiques qu’il s’agisse 
ici d'une maladie a virus: ce serait dépasser nos 
données. Rappelons cependant que notre premiére 
observation a évolué pendant toute la durée de la 
maladie comme une affection fébrile avec leuco- 
cytose, mais a l’opposé de l’observation Bodechtel- 
Guttmann, sans signes liquidiens d’une encéphalite. 

Un classement non étiologique des scléroses dif- 
fuses est sans doute provisoire, mais il vaut la peine 
d’indiquer, ici, ou ce groupe de cas prend place. 

Nous pourrions reprendre le classement d’Einar- 
son et Neel (1940), qui distingue dans les “* leuco- 
encéphalopathies diffuses sclérosantes” les types 
suivants: 

1° forme a réaction glioblastomateuse. 

2° forme a réaction inflammatoire. Dans celle- 
ci, nous distinguerions alors: 

(a) une forme du type multiloculaire, 

(b) une forme spéciale par laquelle nous pro- 
posons le nom de “‘ leuco-encéphalite diffuse 
sclérosante subaigue ”’. 

(c) une forme spéciale cedémateuse et hémor- 
ragique qui répond a la “* leuco-encéphalite 
hémorragique aigue ” de Hurst (1941). 

3° forme dégénérative non familiale, sporadique. 

4° forme hérédodégénérative. 

5° forme concentrique de Balo. 

Nous préférerions ne pas les classer dans un tel 
ordre, car le dénominateur commun a toutes ces 
affections est, dans la classification d’Einarson- 
Neel, la démyélinisation axiale et la sclérose neuro- 
logique finale. Or, celle-ci n’est pas obligatoire 
pour nos cas. 

Nous proposons un autre critére, pour les cas dont 
nous venons de traiter, et qui serait le “‘ complexe 
encéphalitique ”. Nous les situons alors parmi les 
encéphalites vraies de substance blanche ou ayant 
une prédilection marquée pour la substance blanche. 
C’est d’autant plus justifiable que, comme nous 
l'avons montré, la démyélinisation peut manquer. 
Nous y distinguons trois variétés: 

1° Les leuco-encéphalites aigues survenant au 
cours des maladies éruptives et celles qui out les 
mémes caractéres histologiques et topographiques 
mais dont la causalité nous échappe complétement: 

2° La leuco-encéphalite hémorragique aigue de 
Hurst: 
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3° La leuco-encéphalite sclérosante subaigue que 
Voici. 

Que ces entités résultent de la présence d’un agent 
infectieux spécial ou qu’elles soient les témoins d’une 
réaction allergique, il nous importe peu: elles ont 
le caractére d’encéphalites vraies et autonomes et 
ce groupe n’a plus rien a voir avec les leuco-encépha- 
lopathies sclérosantes diffuses. 


VI. Conclusions 


Aprés avoir indiqué a quelles confusions expose 
la reprise de l’appellation de ‘‘sclérose inflam- 
matoire de la substance blanche des hémisphéres ” 
(Spielmeyer, 1922) pour un certain groupe de cas, 
nous rapportons trois observations anatomiques 
nouvelles et une observation clinique inédite, en 
les comparant aux deux cas existant déja dans la 
littérature. Tous ces cas se présentent comme une 
affection a évolution subaigue mais mortelle dans 
un délai variant de trois a six mois. 

Leur tableau clinique comprend a coté d'une 
désintégration psychique grave et rapide, avec un 
noyau aphasique et agnoso-apraxique prévalents, 
des hypercinésies tres variables allant des clonismes 
épileptiques 4 ’hémiballisme et des torsions axiales 
a l’'automatose. Il n’y a pas de signes caractéris- 
tiques d’hypertension cérébrale quoique l’évolution 
de certains cas puissent faire penser 4 une tumeur. 
Les symptOmes sont d’abord uni-puis bilatéraux. 
Il se constitue assez rapidement une rigidité, se 
rapprochant par certains cotés de la rigidité décéré- 
brée, mais tendant a se généraliser et comportant 
souvent un opistothonos marqué. Parallélement 
a cette rigidité s’installe une cachexie progressive. 
L’aspect du fond d’ceil est tant6t normal, mais on y 
décrit parfois une hyperémie ou méme une stase. 
Le liquide céphalo-rachidien ne montre pas d’altéra- 
tions typiques. Dans un des trois cas, il y eut une 
fiévre continue légére avec leucocytose. 

A lautopsie, linspection du cerveau et des 
tranches cérébrales ne montre aucune anomalie 
macroscopique, ce qui permet d’écarter une sclérose 
diffuse du type dégénératif, du type multiloculaire 
ou une encéphalite axiale du type de Il’encéphalite 
vaccinale. 

Au point de vue histopathologique, ce qui sépare 
absolument ces cas de la sclérose diffuse du type 
multiloculaire ou hérédodégénératif, c’est qu’une 
démyélinisation focale ou extenso-progressive et 
son corollaire, la présence de produits de désinté- 
gration, n’est pas nécessairement présente. Elle 


peut étre ébauchée en une région limitée de la sub- 
stance blanche (obs. III), mais elle méme faire défaut 
comme dans les observations I et II ou la substance 
blanche, montre, a peine, une trés légére diminution 
de son affinité pour les laques hématoxyliques. 
L’inflammation axiale domine tout et mérite encore 
une place a part par sa qualité sclérosante et son 
type d’extension. Une infiltration plasmo-cytaire 
et micro-oligoglique de la substance blanche, dense 
au niveau des régions sous corticales, est caractéris- 
tique de la phase initiale de l’affection. Elles s’ac- 
compagne d'infiltrations périvasculaires plasmo- 
lymphocytaires et d’une organisation glio-fibrillaire 
frappant non seulement par sa précocité, mais par 
le fait qu’elle dépasse largement les exigences de la 
restauration puisque il n’y a ni fonte myélinique, ni 
nécroses, ni oedéme. Quant au type d’extension, 
la participation corticale primaire et importante 
(dominée par une infiltration a cellules en batonnets, 
par des figures d’englobement cellulaire et des 
réactions périvasculaires plasmo-lymphocytaires) 
les localisations a la substance grise extra-corticale 
thalamo-striée, mésencéphalique et bulbaire lui 
conférent une individualité propre a légard des 
autres scléroses diffuses. 

Sans préjuger de l’étiologie, nous croyons que 
ces observations représentent véritablement une 
maladie cérébrale inflammatoire, a séparer de la 
sclérose diffuse multiloculaire, méme au point de 
vue clinique et qui se traduit au point de vue histolo- 
gique, par une “leuco-encéphalite sclérosante 
subaigue * peu ou pas démyélinisante. 
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THE EFFECT OF AGE, HEAD RESISTANCE, AND OTHER PHYSICAL 
FACTORS ON THE STIMULUS THRESHOLD OF ELECTRICALLY 
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BY 


DONALD WATTERSON, Lieut.-Colonel, R.A.M.C. 


(RECEIVED IST SEPTEMBER, 1945) 


Introduction 


By a coincidence, mains alternating current 
possesses the characteristics which are required to 
stimulate the cerebral cortex, a comparatively low 
frequency and a long rising phase of current pulse 
(Wyss and Obrador, 1937; Fulton, 1938). For 
this reason electric convulsion therapy requires 
simple apparatus. Cerletti and Bini (1939) were 
the first to practise the treatment abroad, and the 
technique was introduced into this country the 
following year (Shepley and McGregor, 1939; 
Fleming ef al., 1939). 

Large electrodes are used and they are placed on 
the temples, because it is thought that this position 
will most effectively stimulate the premotor areas, 
and also keep the stimulus away from the midbrain 
and medulla. With the high voltages used, how- 
ever, the whole brain is stimulated wherever the 
electrodes are placed; but the customary electrode 
placement is best retained since it is convenient, and 
also standardizes technique among different workers. 

The theoretical potential necessary to stimulate 
the brain through its coverings is about 100 volts 
(Golla et al., 1940), and this agrees with the range 
that has been used in treatment, 70 to 150 volts. 
Using 50-cycle alternating current a stimulus of at 
least 0-05 seconds is necessary, that is five stimuli. 
It has been shown that one stimulus only, no matter 
how strong, is insufficient to set up a major con- 
vulsion (Hemphill and Walter, 1941). It is unusual 
to require a longer duration of stimulus than 
0:30 second. 

One of the problems of electrically induced con- 
vulsions is the variation in threshold from patient 
to patient. This is mentioned by authors, but 
neither causes nor correlates have been found, 
chiefly because there has been no systematic search 
for them. Because of this variation in threshold it 
IS necessary to be able to vary the intensity of the 
stimulus. This may be done by altering either 
voltage o1 duration of stimulation. Sogliani (1939) 
used one voltage, 110 volts, and varied the duration 
of stimulation. Kalinovsky (1939) used a stimulus 
of fixed duration (0-10 second) and manipulated 





* The experiments described in this paper were part of an M.D. 
thesis read at Cambridge University in April, 1942. 


voltage. Most workers vary both duration and 
voltage, beginning treatment with a low-voltage 
stimulus of brief duration, and increasing both until 
the convulsion threshold is reached. 

The inter-electrode resistance is fairly constant 
in the same patient, but varies from a few hundred 
to 2,000 ohms from patient to patient. In the early 
days of treatment it was assumed that the convulsion 
threshold must be correlated with the head resist- 
ance. Accordingly apparatus was designed so that 
the stimulating voltage was pre-set during head 
resistance measurement. This practice was given 
up when it was realized that a subject of low head 
resistance might have a high convulsion threshold 
or vice versa. It was denied that a true correlation 
existed between head resistance to low-voltage A.C. 
and the convulsion threshold (Hemphill and Walter, 
1941). This lack of correlation was ascribed to the 
fact that, to high-voltage A.C., organic tissues do 
not obey Ohm’s law, the current which passes 
being greater than the calculated current. This is 
so because of the fall in resistance during the 
passage of the current. 

This paper describes an attempt to find correlates 
of the convulsion threshold. A source of difficulty 
is clearly the large number of variables. These are 
of three categories :— 

1. Variables of stimulus, which include potential 
and duration. Wave-form and frequency are 
possible variables, but are constant in practice, 
since a given worker uses the same mains supply 
and the same apparatus. 

2. Variables of patient, such as age, sex, size, 
head resistance, and other physical variables. 

3. Variables of day-to-day practice, e.g. area and 
position of electrodes, head cleanliness, time of day 
of stimulation. These may be largely eliminated 
by standardizing technique, but this is difficult in 
dealing with men and women. 

It was clearly desirable to reduce the number of 
variables. The technique was as nearly stan- 
dardized as possible. All the experimental subjects 
were male. With few exceptions the duration of 
the psychosis was a few months only. Voltage was 
-kept the same throughout. This left, as important 
variables, duration of stimulus and the physical 
variables of the patient. 
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The physical variables of the patient which it was 
finally decided to study were age, head resistance, 
height, weight, and electrode distance. 


Method 


The investigation was carried out on 70 male psychotic 
subjects from the services, schizophrenics, with the 
exception of a few depressives with schizophrenic 
colouring. The subjects were free from gross physical 
disease, though some were under weight. Convulsive 
treatment was given on three days a week between 11 
and 12 a.m. A light breakfast was given at 8 a.m. 
None of the patients was given sedatives regularly; ina 
few cases paraldehyde was allowed, but not less than 
12 hours before treatment. The heights and weights 
used were those recorded at the medical examination on 
entry into the Forces. Inter-electrode distances were 
measured with callipers. The apparatus used was of 
the standard pattern constructed by the Edison Swan 
Electric Co. Head resistance was measured to the 
nearest 50 ohms before and after stimulation, using the 
low voltage circuit provided for this purpose (0-5 volts 
A.C.). The same stimulating voltage was used through- 
out the experiments, 80 arbitrary units on the potentio- 
meter scale, corresponding to 136 volts A.C. 

The voltage was calibrated using a high-resistance 
voltmeter inserted into the secondary circuit. The time 
(duration) switch was calibrated using an oscillograph. 
It was found that the contacts had been set slightly 
inaccurately. The necessary minor corrections of 
stimulus durations have not been made in the text and 











in Table III. They are shown below for reference :— 
TABLE 1.—STIMULUS DURATIONS: SECONDS 
(a) As given in text and id 
in Table III (6) Exact 
0:30 my 0-28 
0-25 0-24 
0-20 0-19 
0-15 0-15 
0-10 | 0-10 
0-05 0-06 


| 





On the first day of treatment all patients were given 
an initial stimulus of 0-15 second duration. On the 
following and subsequent days of treatment the duration 
was appropriately increased or decreased until the con- 
vulsion threshold duration was determined, as shown in 
the following examples :— 


TABLE II.—DETERMINATION OF CONVULSION THRESHOLD 
DURATION OF STIMULUS 





Ist subject | 2nd Subject 


























D C. orn 
ea «| | Stimulus | Result of | Sdenies my) Result of 
| duration | stimulus | duration | stimulus 
| (sec.) | (sec.) | 
Ist | O15 | Nofit | O15 | Fit 
0:20 No fit | 
| 0:25 Fit 
2nd =| «0-20-«| ~Nofit | 0-10 | ‘Fit 
0-25 No fit | 
0-30 Fit | | 
3rd 0:25 Fit | 0-05 | Fit 
4th | 020 | Nofit | 0-025 | Nofit 
0:25 Fit 0- 05 sh | Fit 
Threshold bw 
duration 0-25 sec. | 0-05 sec 








It will be seen that, if on any occasion an initia} 
stimulus of less than the convulsion threshold duration 
was applied, it was followed (after a few minutes) by one 
or more stimuli of longer duration, in an attempt to 
elicit a convulsion (since the essence of the treatment is 
the production of convulsions). All results recorded in 
Fig. | and Table III refer only to the initial stimulus on 
any day of treatment. By the method described, the 
threshold duration of stimulus for the production of a 
convulsion is usually found within a week, and always 
within 10 days, of commencing treatment. 


Sources of Error 

1. Day-to-day variations in mains voltage (ex- 
treme variation about 12 per cent.). 

2. Variations in voltages in the secondary circuits 
of the apparatus, due to temperature changes of the 
potentiometer. 

3. Day-to-day variations of convulsion threshold. 

4. Day-to-day variations of head _ resistance. 
These are slight if technique is standardized. 


Results 
Initial head resistances ranged from 100 to 
1,750 ohms. Their distribution is shown in Fig. 1. 


Three-quarters of the head resistances fell between 
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Fic. 1.—Distribution—head resistances. 


200 and 600 ohms, the greatest number occurring 
at 400 ohms. The five high-resistance subjects 
appeared to form a separate group. This peculiar 
distribution of head resistances has been described 
before (Golla et al., 1940) and is unexplained. 
Head resistance fell after stimulation in all but three 
subjects whether a fit occurred or not. The extent 


-of this fall varied from 0 to 1,250 ohms. The 


greater the initial resistance the greater the fall 
(Fig. 2). The cause of the fall in head resistance 
during stimulation is unknown; it has been postu- 
lated as being due to local skin changes beneath 
the electrodes. It has been maintained that this 
fall is responsible for the apparent lack of corre- 





Jatior 
sion | 
refute 

He 


pre-s 
the tl 


mm Prt itn AC 


FALL IN HEAD RESISTANCE 


yg 
wD 











FACTORS AFFECTING CONVULSION THRESHOLD 123 


lation between initial head resistance and convul- 
sion threshold, but the straight line curve of Fig. 2 
refutes this. 

Head resistances quoted in Table III refer to the 
pre-stimulation resistances on the occasions when 
the threshold durations were determined. Threshold 








however, between improvement in the mental state 
and increase of threshold during treatment.) 

In the remainder of the paper threshold refers in 
all cases to the first determined threshold duration. 
The distributions of thresholds in relation to height, 
weight, and inter-electrode distance respectively, 
proved to be random. 






































4 The ages, head resistances, and thresholds of the 
uJ) ° ° 
S 12 subjects are arranged in Table III. 
E10 
2S | TasLe II]l.— THE AGes, HEAD RESISTANCES, AND 
OS 8 THRESHOLD DURATIONS OF STIMULUS IN THE 70 
cro SUBJECTS 
28 6 "ail Head | | Head 
ff resistance |Threshold | resistance | Threshold 
“ 4 ' Age | (ohms) | (secs.) | Age | (ohms) | (secs.) 
8 ail 19 500 | 02 26 150 | 0-15 
4 . 19 400 0-15 26 250 0-1 
“ 0 2 4 6 8 1 2 4 16 18 o | 1 a = | sae | ae 
PRESTIMULATION HEAD RESISTANCE, 100 OHMS 70 | 500 0-15 %6 "200 0-2 
2 | 500 | O- 27 | 300 | 0-15 
FiG. 2.—Relation—initial head resistance to fall in 20 | 1,500 0-15 27 1,750 0-25 
resistance during stimulation. 21 750 0-25 27 | 400 0-15 
4 21 1,000 0-25 28 400 0-15 
; Or 21 450 0-15 28 250 0-15 
durations ranged between 0-05 and #3 second, 21 | 400 0-2 28 1,500 0:25 
94 per cent. lying between 0:10 and 0-25 second. < _ 400 0-1 28 450 | Ol 
The threshold was redetermined from time to time a2 pe + = | pen | a 
in 45 subjects who were given treatment over a 22 °\ 400 0-2 29 100 0-2 
period of weeks. In 22 the threshold remained con- 22 | 300 0-15 29 450 0-2 
stant, in 12 it rose by 0-05 second, and in 2 by more 22 | 600 0-2 29 (300 03 
than 0-05 second; in 8 it fluctuated by 0-05 second rs ed +n 7 | Po | eae 
above and below the initial threshold; and in one it 23 | ~~ 800 O15 31 600 | O15 
fell. Curves (a), (5), (c), Fig. 3, illustrate the com- 23 | #200 0-15 32 | 500 0:2 
23 | 400 0-15 32 | 350 0-2 
23 | 150 0-05 32 700 0-1 
35 j 23 400 0-2 33 1,750 0:3 
a 24 500 0-1 34 | 300 | 02 
Pe 24 700 0-2 34 | 250 | 02 
“30 24 1,000 0-15 36 450 0-25 
4 of = 24 | (200) (OF 36 | 400 | 0-25 
5 wer 25 | 300 | 02 38 900 | 03 
S 05 25 500 0-15 39 | 350 0-2 
= / fg 25 150 0-1 40 400 0-2 
” ra, 25 | 300 0-1 42 200 0-2 
5 20k 25 | 300 0-15 42 550 0-25 
25 350 0-15 43 | 300 | 0-15 
g ¢ 26 | 250 0:1 49 | 400 0-25 
4 : : 
en / The following results emerge from statistical 
a 10F aa ee” treatment of these data :— 
a 1. Tetrachoric correlations, using Burt’s Short 
o& 05 Method, have been calculated as other methods are 
-° © IO 20 30 8 40 50 impossible because of the small numbers and the 
TIME, DAYS types of scatter. 
= : r 
Fic. 3.—Changes in threshold duration of stimulus (a) =0-52+0-10 
during treatment. Threshold = Age 
=0-4440-11 


moner types of threshold variation. Curve (d) is 
exceptional in the degree of increase continued over 
a long period. Curve (e) is even more unusual, and 
the only one of its kind among the patients investi- 
gated. It occurred in a catatonic schizophrenic 
who made a good recovery during the course of 
treatment. (No statistical correlation was found, 


(5) Threshold x 
. 

(©) Age x Head resistance os 
Of these correlations, that between threshold and 
age and that between threshold and head resistance 
are significant. The critical ratio of (a) is 5:2 and 
of (b) is 40. Any correlation for 70 cases is 


Head resistance 
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regarded as very significant with a ¢t of over 2-648. 
The correlation between age and head resistance is 
of negligible size and has probably arisen by chance. 

2. If a test of linearity is applied to the scatter of 
age and threshold the correlation ratio comes to 
0-476 (Guilford, 1936). Since this is actually less 
than the coefficient of correlation (0-52) it is reason- 
able to conclude that the relationship is linear. 

3. The multiple correlation coefficient of age and 
head resistance against threshold is 0-655. The 
index of forecasting efficiency for the correlation 
between age and threshold is 14 per cent. (Guilford, 
1936). This means that an attempt to predict 
thresholds from ages will succeed in 14 per cent. of 
the cases better than pure chance. When the factor 
of head resistance is also taken into account the 
forecasting efficiency is raised to 24:5 per cent. 
Thus more factors than age and head resistance 
determine the threshold, but it is impossible to 
draw any conclusions about the number, character, 
and size of the remaining factors. 


Discussion 


It is surprising that none of the factors relating 
to size was found to be correlated with threshold. 
Body weights vary from time to time, particularly 
in those subject to mental disorders, and this may 
be a source of confusion. On the other hand, 
height and inter-electrode distance are always the 
same in the same subject. The variations in height 
(60 to 73 in.) and in inter-electrode distance (5-1 to 
6:0 in.) are relatively less than the variations in age 
(19 to 49 years) and head resistance (100 to 1,750 
ohms); it is possible that small variations in 
threshold with variations in height and size of head 
would not be revealed by the technique adopted. 

The positive correlation between the convulsion 
threshold and the pre-stimulation head resistance 
suggests that the latter is directly related to the head 
resistance during the passage of the stimulus. If 
this is the case, then such a correlation might be 
expected. That it has not previously been shown 
is partly because other variables tended to conceal 
it, and partly because the dramatic fluctuations in 
head resistance during electrical stimulation misled 
workers into supposing that such variations were 
unpredictable. 

The finding that convulsion threshold is corre- 
lated with age may have one of three meanings: 
(a) Men with a low convulsion threshold contract 
schizophrenia eatly in life, those with a high 
threshold later, in a proportionate manner. This 
is not supported by the fact that there is no corre- 
lation between increase of the threshold during 
treatment and improvement in the mental state. 
(6) Young schizophrenics have a low electric con- 
vulsion threshold, older schizophrenics correspond- 
ingly higher. This cannot be ruled out, but if it 
were so we should expect convulsions of all kinds 
to be more common among younger than among 
older schizophrenics in a manner different from the 
rest of the population; and this is not so. (c) The 
finding is not specific to psychotic subjects but 


reflects a linear correlation between age and con- 
vulsion threshold among the general population 
over the ages investigated. This increase of 
threshold with age might be caused either by a 
change in the superficial tissues of the head, or by 
a change in the brain itself. If it were caused by a 
change in the covering tissues there should be a 
positive correlation between age and head resist- 
ance; but this is not so. The conclusion is that it 
is caused by the brain becoming increasingly 
obdurate to the electrical induction of convulsions 
as age increases. 

Other changes in the C.N.S. with age have been 
described. Frohlich and Mirsky (1942) showed 
that young rats, up to 17 days old, were more 
susceptible to convulsions from acid fuchsin injec- 
tion than older animals. They referred to other 
evidence that the C.N.S. of the immature organism 
differs from that of the mature. Children are more 
liable to convulsions than adults. Certain acid 
dyes pass into the brains and C.S.F. of children, 
but not of adults. The brains of children dying 
of jaundice are yellow, those of adults colourless. 
The herpes virus (Andeivont, 1929) and the equine 
encephalomyelitis virus (Sabin and Olitsky, 1935) 
produce reactions in the brains of young animals, 
but not in those of adults. The fatal dose of certain 
drugs, such as morphine, is less in voung animals 
than in adults (Dobeli, 1911; Clark, 1912; Eddy, 
1939). All these findings refer to differences 
between immature and mature organisms, and are 
not strictly parallel with the finding that the elec- 
trical convulsion threshold is correlated with age. 

Heppenstall and Hill (1943) have reported that 
the liability to develop an abnormal EEG following 
a head injury is significantly greater if the injury 
occurs before the age of 20 years than subsequently. 
Similarly, the incidence of certain C.N.S. diseases 
diminishes during adult life, and most important in 
this connection is epilepsy. However, although 
the incidence of epilepsy decreases after adolescence, 
there is no evidence that in general the frequency 
of fits in proven epileptics fails over the same 
period. Golla et a/. (1937) found that the per- 
centage of abnormal EEGs among epileptics ap- 
peared to decrease in later adult life, and Walter 
(1938) reported that the disappearance of the EEG 
abnormality at about the age of 40 years had 
actually been watched in certain epileptics. 

Studies of normal ageing processes in relation to 
the C.N.S. have been concerned almost entirely 
with the period of senescence. Thus Critchley 
(1939), in his review of this topic, makes no reference 
to earlier periods of life, except in relation to patho- 
logical material. The psychological aspects of 
ageing, on the other hand, have been studied in all 
age groups. Miles (1939) has given an excellent 
review of the subject. Performance at most tests 
or occupations shows characteristically an increase 
in speed and efficiency up to a certain age and 
thereafter a decline. There are wide individual 
variations. Performance involving the maximum 
of motor activity and the minimum of abstract 
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thinking (e.g. running) reaches a peak of efficiency 
eaily in life, psychomotor activity (e.g. reacting to 
a signal) later, and purely psychological activity 
(e.g. philosophical speculation) in middle life or 
even old age. Not least of the features of ageing 
in the middle span of life is a slow but profound 
alteration of behaviour and personality. This is 
discussed in relation to the normal by Hamilton 
(1939), but it is more conspicuous in the abnormal. 
Thus criminal and psychopathic behaviour of all 
kinds dwindles throughout this age period. It has 
been shown that psychopathic behaviour is asso- 
ciated with abnormal electrical activity of the cortex 
(Hill and Watterson, 1942). Recently Sulzbach 
et al. (1943) have claimed that this kind of abnormal 
EEG is associated with a low electrical convulsion 
threshold. There is thus a chain of evidence, 
linking changes of behaviour through the middle 
years of life with a slowly decreasing sensitivity of 
the C.N.S. to electrical insult over the same period. 
This is fertile territory for speculation. 

Nothing is known with certainty about other 
factors than head resistance and age which affect 
the electrical convulsion threshold since there has 
been little work done on this problem. What few 
conclusions there are have been based rather on 
impressions than on statistically proved relation- 
ships. Thus Nussbaum (1943) feels that less 
current is needed to cause convulsions in patients 
who submit willingly to the treatment. He believes 
that women require more current than men for this 
reason. This suggestion is worth careful investi- 
gation. Nussbaum agrees with the finding that 
the size of skull is unimportant in determining 
threshold. 


Summary 


1. Using a constant stimulating voltage the 
threshold duration of stimulus for induced con- 
vulsions was determined in 70 psychotic subjects. 

2. Convulsion threshold was found not to be 
correlated directly with height, weight, or size of 
head (inter-electrode distance). 

3. A positive correlation was found between 
threshold and head resistance, and between threshold 
and age, but not between age and head resistance. 
There is no reason to suspect that the relation 
between threshold and age is not linear. 

4. Convulsion threshold is determined by more 
factors than age and head resistance, but the data 


permit no speculation about the nature, number, or 
importance of these other factors. 

5. A parallel is drawn between the rise in the 
electrical convulsion threshold of the C.N.S. during 
the third and fourth decades of life and increasing 
stability of behaviour over the same period. 


My thanks are due to Lieut.-Colonel A. A. W. Petrie, 
C.B.E., in whose hospital the experiments were per- 
formed; and to Lieut.-Colonel G. Trist and Sergeant 
J. C. Daniels for the statistical analysis of the data. 
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